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DUiYSMUIR HOUSE, OAKLAXD, CALIFORXIA, SITE OF 
THE “COXFEBENCE ON SPACE, SCIEXCE, AND I!EBAX LIFT” 
Dunmuir  House is a mansion located in a 70-acre garden setting in the City of Oakland. 
Built in 1890, it was recently acquired by the city as a center for educational, business, 
and governmental conferences and seminars concerned with economic and environmental 
problems of urban communities. A nonprofit corporation administers D u n m u i r  House 
and its parkland estate, with the active support of the Mayor and the City Manager of 
Oakland. Several professional research and derelopment sites have been established in 
the “Peralta Oaks” area surrounding the garden. The “Space, Science, and Urban Life 
Conference” was the first national event held in Dunsmuir House. 
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FOREWORD
Can a national program of space exploration be applicable to the daily
tasks of the men and women who live and work in our central cities._ How
may new knowledge, developing in these days of scientific and technological
revolution, be used to seek answers to the critical issues facing expanding urban
populations ._
These were but two of the many questions that initiated a discussion by
35 men in June 1962. Called together by Oakland City Manager Wayne
Thompson, they gathered for a conference in I)unsmuir House. The business-
men, educators, scientists, and governmental officials of that group had a convic-
tion that many of the techniques necessary to launch and sustain man in outer
space could be applied to the environmental conditions of man within his
earthbound community. There wei_ no delusions that the _ans_fer of _ient.ific
data from the laboratory to the problems of urban life was an easy procesa
Few would deny, however, that the explosive growth of population and the
complexity of metropolitan society demanded that serious consideration be
given to this potential. The "Conference on Space, Science, and Urban Life"
that materialized nearly 9 months later was the first major step.
The generalized concepts from the June discussions were reduced to a set
of purposes and objectives:
• to bring together leaders of industry_ labor s universities, and govern-
ments to explore technirlues for translating basic research findings and new
technology of the space age into practical progranvs to solve problems of rapidly
expanding metropolitan areas.
• to consider and evaluate the application and relevance of new technology
to the needs of industry and cities ]or new processes_ products, materials, and
techniques which will enhance and stimulate the product_e economy and indus-
trial growth of the city_ state_ and natiom
• to analyze the political, sociological, physicals and economic impact of
the mazslve space and scientific research and development programs upon
our urban and industrial commu/Mties.
• to establish a continuing program to utilize the collective resources of
government_ education, industry, and research to solve _vunicipal and regional
problems and to seek the other goals noted above.
It was recognized from the outset that the greatest contributions from the
first conference on this theme would come from defining the areas that provide
chances for early use of new knowledge from scientific and space technology.
Other meetings would be necessary to study in depth the ramifications of each
topical inquiry. Although numerous specific programs and applications were
suggested at the "Conference on Space, Science, and Urban Life," the most
lasting benefits to society may well derive from the continuing efforts of a
permanent citizens' committee established by City Manager Thompson to eval-
uate the conference findings and initiate experimental programs in Oakland
and other communities in the San Francisco Bay Area. As a preliminary, a
comprehensive summary and analysis of the conference was undertaken by
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the Stanford Research Institute. The summary is included in this publica-
tion. From the SRI evaluation has emerged a statement of programs that
will serve as an initial guide to experimental projects applying new technology
in the quest to improve the urban and economic life of all peoples.
The city of Oakland and the University of California are indebted to
NASA and to the Ford Foundation for the financial support and encourage-
ment that made the Dunsmuir House Conference possible. Appreciation should
also be expressed for the interest and active participation of the Conference
Sponsoring Committee: James E. Webb, Administrator of NASA; Dr. Clark
Kerr, President of the University of California ; George P. Miller, U.S. House
of Representatives, Chairman of the House Committee on Science and Astro-
nautics; and John C. Houlihan, Mayor of Oakland. Acknowledgment is also
due the Conference Planning Committee, the Oakland City Manager and his
staff, and the leaders of industry, education, business, labor, science, and govern-
ment who attended the conference. Many of the delegates are acknowledged
by their papers or statements published in these proceedings, but all participants
contributed a personal dimension and insight to the subjects under discussion.
Finally, we are especially indebted _ Dr. Smith DeFrance, Director of NASA's
Ames Research Center, and his staff members under the leadership of George G.
Edwards, who collated the papers and seminar discussions for these proceedings.
We hope that this publication will b_ a useful reference to the first efforts to
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'_.VERB_.FOmSI_ HISTORYhave city problemsaffected so many people in every conceiv-
able way. Sixteen thousand people are moving
to our cities every day. We now have 116 mil-
lion people living in cities in this country.
There are now 91,000 separate units of local
government, and these cities alone are spending
$16.5 billion each year. All our local govern-
ments now employ as many as 5 million public
servants in this country. These same trends in
other countries indicate that the world is at-
tempting to become a city. When we realize
that there are 3 billion people on the earth to-
day, and in 35 years we will have 6 billion, we
can appreciate the problems that lie ahead.
Lewis Mumford has said, "The building of
cities remains man's greatest work of art, rank-
ing with language itself." Our urban living
areas, where most of our people live, should re-
flect the best in our technological advances. We
all agree that they should not be reserved for the
moon or for a war.
We are experiencing the greatest population
explosion and migration to the cities in history
and the problems are growing in direct propor-
tion. We believe that now is the time to design
the city of the future. Marvelous "new things
and wonders can transform our cities and our
way of life.
It is imperative that we depart from time-
worn traditions and concepts and adopt space-
age techniques to cope with the problems of our
space-age cities. For some years now, the pre-
ponderance of the Nation's scientific talent has
been directed to solving problems of national
defense and space research. It is our hope that
we can direct a good proportion of this scicrALfic
information to solving our urban problems.
To provide the resources for continuing our
space efforts, it is essential that this r_pidly
growing body of knowledge be applied to our
industrial economy.
The purpose of this conference is to explore
new ideas and to evaluate new applications of
space research to the problems of a city and its
business and industrial community.
We have represented at this conference the
leaders in space technology and the urban
specialists of the Nation. By bringing these
two groups together we hope to set the course
and develop the pattern for applying this
scientific know-how to the problems of urban
living.
Industry uses technology to reduce operating
costs. This is our aim. We cannot meet the new
and current problems of the urban areas with-
out revolutionary changes in our present meth-
ods, which are now steering us on a collision
course with bankruptcy. This is also c_using us
to default in our responsibilities in the critical
areas of education, juvenile delinquency, and
our other sociological problems.
To demonstrate how financially great these
problems can be, consider that in this country
alone in the next 10 years we will be spending
$1/_ billion for welfare costs alone. We who
are close to the taxpayers axe struck by the fact
that many of our elderly people, who are at this
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time living on fixed pensions, meet their tax
increase responsibilities each year by cutting
down on the amount they spend for food and
clothing.
Our central cities today are financially in-
capable of meeting our present problems with-
out the adoption of bold new techniques. The
exigencies of this age demand a change in
emphasis in municipal responsibilities and ac-
tivities to meet the needs of a changing society
in this age of change. The problems are so
great and so technical that government, private
industry, and the universities must work in
partnership to solve the problems of our urban
areas. This is necessary if we are to restore
balance and social and economic stability to
these areas.
What does a city like Oakland require to keep
its capital plant current with the needs of our
space-age society ? Consider that in the city of
Oakland alone all levels of government are
spending during this 10-year period three-quar-
ters of a billion dollars for necessary public con-
struction projects. This clearly illustrates the
magnitude of the hardware and construction
needs of a modern central city. This total does
not include the cost of Oakland's new subway
and rapid transit system which will soon be
under construction. Our new municipal prior-
ities make it mandatory that we find more
economical ways of supplying capital plant
needs,
The minority group problem, unemployment,
crime_ and educational problems are growing
daily. This is why so muny people are asking
why we are going to the moon when we cannot
find the answers to problems on earth.
In our Oakland Police Department, we are
revolutionizing our methods and techniques.
In addition to applying the probability theory
to capture rapists, burglars, and car thieves, we
can also use the computer to enable the traffic
officer to get all the information _bout a driver
before he stops him for a traffic violation. He
will read the license number of the car he is
following into the central police data bank, and
the computer will within seconds return to him
the name of the driver, whether he has a police
record, where he lives, and so forth.
An illustrative case occurred here about a
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year ago, wherein a rapist-burglar would enter
homes occupied by lone women, rape the woman,
and rob the house. He had the whole com-
munity disturbed. We turned to space-age
techniques, and we used Bromwich's probability
theory. On a particular night, we had 25 police
officers in a target neighborhood before the
burglar got there, and the analyzer working the
equipment became so interested in the case that
he too went ou,t and even picked the exact
house. We were there ahead of the burglar.
To increase the police protection for our citi-
zens, we are presently working on a telephone
that will automatically dial the Police Depart-
ment when a burglar enters _ residence. On
the same telephone, we hope to include a fire
detection device that will automatically dial the
Fire Department when a fire occurs.
Our new community research program is
seeking to tap these vast reservoirs of new
knowledge in order to accelerate development
of our community. Scientific research must be
made in such fields as telemetering, where there
would be no electric wiring such as in housing;
reading of meters by phone; the demolition of
slum buildings by the use of controlled sound
waves; and the relocation of displaced families
by means of special type mobile temporary
housing.
We will use computers to analyze the possi-
bilities of fire in a given location under various
conditions and to tell us how to prevent a fire
in that area. We also foresee the development
of expendable robot firemen that will appreci-
ably reduce the hazards of firefighting.
We note, for example, that space re_aroh
provides for waste disposal for astronauts. We
believe these methods might be adapted to the
needs of the city to eliminate costly and ex-
tensive sewage systems.
New communications systems will replace
millions of wires and cables now re_luired in
large cities; and projects like Telstar and new
jet and rocket travel developments will make
close neighbors out of great metropolitan cen-
ters like Washington, D.C., and Oakland. New
fuels and facilities can solve our highway and
transit problems. New sources of solar energy
will heat our homes, and nuclear energy will
turn the wheels of industry.
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James E. Webb, Administrator of the Na-
tional Aeronautics and Space Administration,
has stated that a corporation, or even a regional
area, will remain effective and prosper in this
new age "only through closest coordination be-
twcen educational institutions and business and
industry." He stated that progress and pros-
perity will hinge upon institutional scientists
"feeding into the industriM stream the new
knowledge which flows from a vast research
and development effort."
One of the primary aims of this conference
is to establish a Local Continuing Committee,
composed of leaders of this area. The com-
mittee will represent a partnership composed
of university, industrial, foundation, and gov-
ernment leaders who will implement the ideas
produced at this conference. We believe the
results of t,his partnership will strengthen the
private sector and enable it to assume new func-
tions and services in lieu of abdicating them to
the already overburdened and overtaxed public
sector.
The public sector will play a supporting role
and take on additional functions only when
the legislative bodies make formal findings that
the private sector cannot perform the new serv-
ices required.
It is our hope that the participants at this
conference will be so suceessful in showing how
to apply space science techniques and materials
to the central city that it will provide a pat,
tern which can be transmitted to urban areas
around the globe.
The moon shot has a higher purpose--a more
meaningful life for the individual in an auto-
mated society. We are confident that by stimu-
lating our local economies by the introduction
of new space-age industries we are going to
bring jobs and payrolls to each community and
substantially reduce unemployment so that the
Gross National Product will keep pace with the
growing needs of our economy.
Our financial abilities are incapable of meet-
ing these problems without new techniques.
We are hopeful that this conference can point
the way to solutions of these critical urban
problems.
NASA has indicated that Oakland can be-
come the Nation's first space-age city, that it
can be the laboratory for the Nation's scier£i_
to implement the new ideas gained from our
space effort. This city will be proud to test
the ideas and imaginative proposals suggested
by this conference and sponsored by our Local
Continuing Committee.
It is impossible to predict accurately the
marvels of the new space age and how it will
affect our lives and those of our childrelL We
do know that the opportunities for good living
mad an improved society axe limitless.
IMPLICATIONS OF THE
SPACE EFFORT FOR SCIENCE AND TECHNOLOGY
Dr. George L. Simpson, Jr.
DR. GEORGE L. SIMPSON, Jr., Assistant
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tion and Policy Planning, NASA. For-
merly : Executive Director, Research
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lina (University of North Carolina,
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Sociology, University of North Caro-
lina ; Consultant to Governor of North
Carolina ; Member, Institute for Re-
search in Social Sciences, University
of North Carolina; Member, National
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Commerce. University of North Caro-
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CIENCE,when taken with its attendant tech-nologies, is a broad and massive force that
has, more than any other single force, remade
our life in far less time than was required to
explore and master this continent. Urban life,
whose basic structure is the great city and its
hinterland, is the way of life to which we have
come in our lifetime. In this fast journey from
country to city, we have necessarily left behind
many of the values of family and community
life that held our society together. We have
had to abandon also many of the structures of
public life and of economy that were formerly
sufficient.
It has fallen in very large part upon our
metropolitan centers not only to receive the peo-
ple but the problems as well. The purpose of
this conference is to find ways in which the
space effort specifically, and science generally,
can be brought to bear on those problems.
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The National Aeronautics and Space Admin-
istration was created by the Space Act of 1958.
To NASA was given the main job of creating
and proving in an operational way a broad
capability of going into space with large loads,
of surviving there, of taking new knowledge of
nature from the more unobstructed view of the
universe thus achieved, and of helping to op-
erate in space in every way required by the na-
tional interest. Space activities peculiar to the
defense of the United States were left with the
Department of Defense.
The decision to create a space capability was
the product of the fact that our technology and
that of the Russians had made it possible to
leave the earth and enter space. It was a na-
tional decision initially made under one Ad-
ministration and reaffirmed by the present
Administration. As a rough measure, it is
fair to say that space budgets have been dou-
bled every year through fiscal year 1963. A
large increase of $2 billion in the NASA
budget--to a total of $5.7 billion is recom-
mended for fiscal year 1964. In addition, some-
thing on the order of $1.7 billion has been
recommended for other Federal agencies with
auxiliary interests in space, bringing the grand
total to approximately $7.4 billion. This in-
tensification of effort rests on the fact that in
achieving our space goals, as in all large and
important undertakings, time is a critical fac-
tor. How fast we move is important to both
our friends and our foes, and no one in a posi-
tion of responsibility can ignore this considera-
tion.
A rigorous schedule that reflects a sense of
urgency and that calls for extraordinary com-
mitments is required. Otherwise, indecision,
slovenly work, and a council of fears will mul-
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tiply delays at a cost not only in time, but in
dollars, man-hours, scarce talent, and even in
national safety. The space effort requires the
mobilization in a free society of a great amount
of pure scientific work, not only in the most
advanced technologies, but in the creation of
new technologies, including especially the de-
vising of new systems of great delicacy and
very high levels of reliability. These systems
must operate millions of miles out in space in
a harsh unfriendly environment.
The space effort requires the total range of
talents and abilities and the commitment of
American industry. It requires also the suc-
cessful est'ablishment, through democratic proc-
esses, of the public policies required to uphold
such an enterprise. It is truly a total effort,
unprecedented in peacetime.
The hard question is how to define a space
program that will meet the basic national re-
quirements without spending more than is es-
sential of either money or talent. A typical
decision in NASA is between the important and
the essential, and certainly there is no single
measure that distinguishes between these two
choices. The decision to land men on the moon
does contribute a part of the answer to this
difficult question. Going to the moon is not only
important in itself; the requirements of the
journey provide, at the same time, a sharp focus
for achieving a large part of the basic space
cap'ability that is NASA's first mission. The
large boosters, together with the massive
ground installations required, are the same fa-
cilities required to lift heavy loads for any other
purpose--for example, for building manned
space stations if these are needed. The ability
to put men into space, to join one spacecraft
with _mother, to sustain life for long periods, to
communicate and to navigate--all these are
transferable to whatever achievements in space
the national interest may require.
The Mercury program of one-man flights
leads into the Gemini two-man flights of longer
duration. In Gemini many operations will be
carried out that are required for the three-man
Apollo flight to the moon. The large boosters
being developed for the Apollo program, sym-
bolized by the Saturn launch vehicles, are the
ones that will overtake the Russians in lifting
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capacity, the area in which they now lead. The
journey to the moon also provides some of the
focus for our work in science---for instance, the
study of radiation belts and of the nature and
time of solar emanations. These and many
other aspects of the space environment require
continuous investigation in order to assure a
safe passage.
The NASA science program, however, is nec-
essarily broader than the moon journey. Per-
haps the greatest prize of space will be simply
knowledge, a deeper understanding of the
nature of the universe. No one who has lived
through recent decades can doubt the value of
an advance in fundamental knowledge. For
this reason all program decisions in NASA are
measured against the adequacy of the science
effort. The decision to sustain this effort is firm.
The responsibility for the scientific explora-
tion of space rests with the Office of Space
Sciences. Of equal interest is the work per-
formed in the Office of Advanced Research and
Technology. It is the responsibility of this of-
fice to develop the technology for preser_t and
future NASA missions. The range is broad--
from new propulsion systems, to heat shields, to
life support systems. The work is necessarily
both fundamental and applied. Especially here
there is great promise for civilian applications
in the not too distant future. Good examples of
the areas from which applications already are
coming are the communication satellites and
the weather satellites.
All this is a massive program. Its difficulty,
its shape, its size are not at all indicated by this
brief description. As the program has been
laid down over the past few years, we have be-
gun to understand that the space effort is inti-
mately related to all other aspects of our life.
It is, in a sense, a strong coursing current run-
ning through the total of American life, affect-
ing our society in ways that were not foreseen
_nd causing consequences which were unin-
tended; as we are increasingly aware, it is a
current that must be put to the best advantage
of this nation. It is a current that can carry
many loads.
The space effort is at once a product and a
leading edge of the general advance of science
and technology. It is very important that we
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consider it in this light and so put in perspective
some of the sensational aspects that have gath-
ered around it. The technical ability to go into
sFace appeared in the same way as did the abil-
ity to introduce automation into the coal mines
and steel making, for instance. These things
were planned only in the sense that we became
committed years ago to the pursuit of science
and technology. For all the problems involved,
we would not, even if we could, turn back the
clock. We must go forward and solve the prob-
lems of automation and underemployment, of
the requirement for new levels of technical
training, of fast-changing products and mar-
kets. To this end we must bring to bear as much
as we can of what we are doing in the space
effort and what we are learning from it.
The space effort us a national effort must be
related directly to the national prOblems of eco-
nomic growth and well being. Broadly, there
are two aspects of this problem. There is a
national aspect, strictly speaking; for this we
use the general measure of the annual rate of
growth of the economy and its companion, the
rate of unemployment. The other is the local or
regional aspect. Our sparkling dynamic tech-
nology moves swiftly across the country creat-
ing boom conditions in some places and leaving
behind in other places established industrial
areas in a state near desolation. This crea£es
not only local h_rdship, but also national waste.
Ways must be found by which local areas can
look ahead, anticipate new developments, and
acquire the capacity to adapt to new technical
and social requirements. The space effort must
be rel_tecl in a close way to the solution of both
the national and local problems.
In this sense, then, the space effort is not only
a major factor in the advance of science and
technology, but is also a national resource.
Quite apart from the space exploring mission is
a hard-driving practical research and develop-
ment effort of broad and varied impact. The
requirements for space exploration begin in the
field of anatomy and run virtually the whole
gamut of scientific and technological interests
from new sources of power to zero gravity.
Further--and this is of major importance--
those objects made for space travel receive no
compromises from the harsh environment in
which they must operute. This means that a
very large part of the total space effort is con-
ducted at the very leading edge of the state of
the art, and in fact is continually extending the
state of the ark Another way to recognize the
far-reaching requirements of the space program
is to look at it in terms of the companies in-
volved. A recent survey of nine major con-
tractors revealed 11,000 first-tier subcontractors
and suppliers--located in some 46 statea
An effort of such size, range, and sophistica-
tion, extending over at least a decade, cannot
fail to have profound consequences. The effect
of the space effort on the American economy
will be altogether comparable to the impact of
World War II. It is moving glacially across
the full range of our activities, calling forth
both fundamental investigation and technical
ingenuity to solve a host of problems and to
produc_ new _._-._ .........
facture, new modes of organization, new meas-
ures of reliability, new qualities of materials,
and ultimately new products and service_
NASA is committed to a hard-driving effort
to transfer the useful fruits of our research and
development effort to the private sector of the
economy and to the solution of the problems
with which we are confronted today. We are
committed first because the Space Act in its
wisdom requires it: "The Administrator is di-
rected to provide for the widest practical and
appropriate dissemination of information con-
cerning its activities and the results thereof."
There are other parts of the Space Act that also
apply, including its general spirit. We are
also committed because we are mindful of the
major share of the Nation's research and de-
velopment effort that is occupied by the Fed-
eral agencies, and it is essential that the maxi-
mum value be wrung out of this effort.
We are also committed because, given the
probability that a large Federal research and
development program will continue into the
foreseeable future, a major effort at transfer
must be made at some point in order that public
policy decisions can be made on the basis of op-
erations rather than speculation. If a potential
worth the effort is there, if it is indeed feasible
and practical to talk about such transfer, then
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we need to know it. If it is not, then we need to
know that.
In NASA we are moving in a variety of ways
to fulfill this commitment--or, more accurately,
we are exploring ways. We have made cer-
tain starts, of which our association with this
conference is one. We are hopeful that out of
this conference will come indications of how we
might proceed in more fruitful ways.
At NASA Headquarters the Technology
Utilization group is working steadily on the
problems involved in the transfer of technical
information into our economic life. At each
of the NASA field centers, an industrial appli-
cations officer and his staff study the work being
done there and report on new devices, processes,
and techniques that show potential for applica-
tion elsewhere. One of the problems we are
working on--and an extremely difficult one is
that of increasing the quantity of innovations
reported by individual contractors. For ex-
ample, Westinghouse has recently taken a
contract under which it will study techniques
of motivating such reporting by industrial
contractors.
In a related field, the Midwest Research In-
stitute is carrying on a pilot study of considera-
ble interest: Members of the Institute's staff
visited the NASA centers and identified a large
number of potential applications. Midwest
then selected the most promising of these ap-
plications and, by visits to central cities in six
states in its area, presented these potential ap-
plications to business and industrial leaders.
The type of thing they are doing can be illus-
trated by the following example from Ames
Research Center. In an effort to simulate the
conditions under which a space vehicle reenters
the atmosphere, Ames adapted for its use a
stirred-arc gas heater. This heater employs a
radial magnetic field to rotate an electric arc
at high velocity between two circular water-
cooled electrodes. Rotating the arc not only
reduces electrode erosion to a minimum but also
makes possible much higher heating efficiencies.
Midwest Research Institute, in evaluating this
item for industrial application, estimates that
the use of such an arc heater to convert natural
gas into acetylene may result in a considerable
reduction in the cost of producing acetylene.
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There are added possibilities for use of this
faster high-efficiency heater in the chemical and
metalworking industries.
One other example illustrates a transfer that
was made under auspices other than those of
NASA. The Mercury capsule includes an
infrared horizon-sensing device, and its prin-
ciple has now been put to use in the steel in-
dustry to measure the diameter of steel rods as
they flow through in their heated condition.
This, we are told, represents a very substantial
advantage in the process.
NASA is seeking ways to develop the par-
ticipation by universities in this activity. To
date we have made eight sustaining grants to
universities, similar to the one that has been
made to the University of California in
Berkeley. With regard to the transfer of tech-
nical information, the understanding between
each of these universities and NASA is some-
what as follows: The university will undertake,
in an energetic and organiz_l manner, to ex-
plore mechanisms whereby the progress and re-
search results achieved in space science and
technology can be transferred to segments of
industry and of the economy with which the
university normally has close relations. This
effort may include scholars from other universi-
ties and representatives from industry. In ad-
dition to an intensive effort on fundamental
scientific and engineering problems related to
the space effort, research is to be encouraged
on ways to expand the quest for useful applica-
tions and on the economic and social impact of
our national involvement in space exploration.
The university will undertake to make the
scientific community, as well as the industrial
and business communities, aware of new oppor-
tunities for application of specific developments
stemming from the space program.
We are not suggesting detailed procedures.
We are not in any way trying to infringe upon
the basic function and nature of the university.
We are simply trying to be a broker in getting
from the universities the best effort that they can
make to show the Nation how to make this
transfer if indeed it is possible. We are enlist-
ing the best brains and the best efforts of a num-
ber of very good universities to help solve an
important national problem.
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We have taken a slightly different tack at
Indiana University. Under a NASA project
grant, the Aerospace Research Apphcation
Center has been established there in the School
of Business. The object is to place the mana-
gerial and administrative talent in the univer-
sity in a close cooperative program with local
industry, and to use the latter's competence in
engineering and technology for this effort.
The Center at Indiana will explore and test
various approaches to the transfer of NASA's
research and development results to industry,
determine the most effective techniques and
methods, and provide a quick feedback on these
techniques and methods to NASA. The Center
will use a computer facility to store data on ap-
plications of potential use to industry and will
attempt to match that information to industrial
needs on an expeditious basis.
We are also trying other approaches, it is
clear that one of the most essential goals must
be the bringing of industrial research people
into direct contact with our research and de-
velopment effort, so that they may study this
effort closely and in terms of the interests of
their own companies. To the fullest possible
extent, we want to remove the middleman from
this situation. We are, therefore, beginning to
contact companies directly, seeking to have
them send some of their best people to NASA
to spend substantial time going over the work
of our centers. Already one large national com-
pany has agreed to do this, and we are hopeful
that others will follow.
It has become evident that we ought to take
steps that will establish on a more permanent
and longer range basis the interest of a city in
this matter of transfer. We ought to encourage
the organization in Oakland, for instance, of a
group that would commit itself to perhaps a
5-year effort to study carefully the needs and
potential of this local region and seek ways of
utilizing new processes and new products from
NASA's research and development work.
Beyond the purely technical application of
the space effort--purely technical means here
the transfer to business and industry--NASA
accepts a responsibility towards the implica-
tions of the broader problems of American life.
That is one reason this conference is in being.
We feel that, to the fullest possible extent con-
sistent with NASA's primary mission and with
the Space Act, we should act to secure the
widest application of our research to such
problems as those considered at this conference.
Particularly here, the techniques and methods
of organization, as well as specific technological
applications, are sought.
We are not so far along, perhaps, in this line
as we are in the matter of direct transfer to busi-
ness and industry, but we are working at it.
Perhaps our most notable step to date has been
through sustaining graats to the universities.
We ask these schools to use their best efforts to
bring economists, students of public adminis-
tration and management, regional planners,
and other social scientists into a working re-
lationship with the scientists and engineers
concerned directly with space research. We
ask ° --_- *_* *_o scho!a_ address them-
selves to the problems of American life gen-
erally, and especially to the manifestation of
these problems in their own regional setting.
We are frankly seeking to create a more viable
process of interaction between the substance
of the university on the one hand and the needs
of business, industry, public administration,
and community life on the other. We do not
do this to infringe in any way on the basic
function of the universities. What we are say-
ing is that in the fast-changing modes of life
in America today, in times when Oakland and
other areas come to see the urgency of their
problems, the university must somehow come
forward and make a new kind of contribution
and that this kind of contribution must be de-
termined in interaction between the university
and its immediate area. A grant to help pro-
mote such a relationship was made to the Uni-
versity of Cahfornia in Berkeley. Economists
and other social scientists have been brought
into this group, and we are extremely interested
and gratified at this development.
In these United States, it seems, we tend to
run in cycles as between local interests and na-
tional interests. There was a time, not many
years ago, when the word "sectional" was ap-
plied broadly and indicated the existence of
basic regional differences. Then, particularly
under the pressure of prosperity and the na-
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tional feelings generated by World War II, we
tended to move cyclically again to a more na-
tional basis--to remove, in many respects, re-
gional and sectional differences and to remove,
for instance, much of the emphasis on local
developments. These differences were pushed
aside by the overriding attention to the national
developments in economy, science, and educa-
tion. Today, we have a national market, a na-
tional economy ; we have a national educational
system in terms of standards. Yet, it seems,
we are now back somewhat on the other turn
of the cycle. The fast movements that have
developed in this country--the coming together
of people, the new demands for education, for
training--have laid on the local areas very
heavy responsibilities and have brought forth
a new regional emphasis on development and
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advancement. As we in NASA see it, this
meeting in Oakland is really a reflection of a
concern with local urban problems that extends
from Boston, Pittsburgh, Cleveland, Detroit,
and Chicago all the way to the west coast. The
large cities and their hinterlands are mobiliz-
ing and coming forth to ask, "How do we solve
these problems ? How do we stay alive_. How
do we move forward during the next decade ?"
NASA has as its primary mission the mas-
tery and exploration of space. However, we in
NASA are committed in the fullest possible
sense to working with the regional efforts that
are now underway, and with others which will
come into being, because we feel that this is the
way to balance--to equilibrium--in the Ameri-
can society.
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HE UNITED STATES is developing a total T program of space exploration and utiliz% 
tion which is of a much greater scope and mag- 
nitude than is generally appreciated. I n  this 
the progmm in terms of currently projected 
flight missions will be described. 
The overall scope of projected flight missions 
is, in itself sufficiently broad to make i t  difficult 
to show the interrelationships of the many parts 
to the whole. One approach that is sometimes 
used is to describe the elements of the overall 
program in terms of the obvious categories of 
unmanned scientific exp1orat.ion missions, un- 
manned applied or operational satellites, and 
manned exploration of space. This paper will, 
however, seek to show the program interrela- 
tionships more clearly by grouping missions 
along a geographical base in the case of space 
exploration with a concluding discussion of 
applications satellites. 
The basis of classification of exploration mis- 
sions is identified in figure 1. Three general 
regions are of interest. That part of space near 
the earth is obviously affected by the presence 
of the earth with its attendant gravitational, 
magnetic, and electrical fields. Although con- 
disciissioil, on!y the iaGX2 obviGL? 2Spects ef 
ditions here are not representative of the bulk 
of the universe, it is the region that will receive 
the major share of scientific attention for some 
time to come because of two overriding factors: 
it is that immediate part of the base cosmos 
which is of primary egocentric concern, and it 
is LIie most amessibh pi% of q z e .  
Exploration of the near-earth region is pre- 
dominantly carried out by sounding rocket and 
earth-satellite missions. The sounding rocket, 
a relatively inexpensive device, is useful for g i ~ -  
ing us a set of measurements of space properties 
from about 50 to several thousand miles above 
the earth at essentially a single moment of time 
as the payload arches skyward and falls back 
to earth. For longer, synoptic measurements 
nf the prnperths and effects of near space we 
mor t  to the use of the earth satellite. These 
spacecraft rmy make from one to thousands of 
orbits in their elliptical paths around the earth 
focus point. 
Our interest runs beyond the near-earth 
reaches of space. In particular, the moon, our 
closest space neighbor, and the nearby planets 
Venus and Mars are attainable and, hence, at- 
tract our interest. Our missions to these bodies 
require escape from the earth and are known as 
probes, lunar, planetary, or simply interplane- 
tary depending on their destination. Let us 
examine the near earth, lunar, and planetary 
missions in turn. 
NEAR-EARTH EXPLORATION 
Exploration with earth-satellites has already 
reached large proportions. Up to Octdber 4, 
1962, just 5 years after the first space launch, 
there had been launched 49 earth satellites, ex- 
clusive of those by the Department of Defense. 
Of these, 27 were by United States vehicles, 22 
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Fr~m 1.-Sounding rockets, satellites, space probes. 
were by the Russians. Seven of these flights 
were manned, the rest were unmanned instru- 
ment carriers. 
Most of khe U.S. mtellites, to date, have been 
relatively small and, in general, have contained 
instruments associated with a single scientific 
area of interest. These types of vehicles will be 
continued into the future to extend our knowl- 
edge of space properties. We are, however, now 
entering a period in which much larger, more 
complex satellites will afford us an oppontunity 
to make simultaneous, interrelated measure- 
ments of a number of space properties. 
The first of these “observatories” (for their 
capacities warrant this terminology) was flown 
in March 1962. Figure 2 shows the Orbiting 
Solar Observatory. This satellite, with about a 
dozen experiments on board, is still yielding 
useful data as it erramines the sun day in and 
day out. The upper portion, covered with pur- 
plish tinged solar cells for converting sunlight 
to electrical energy, is pointed at the sun, when- 
ever the sun is in view. When the satellite dips 
into the earth’s shadow, it relaxes until day- 
break when it once again seeks out and holds the 
sun for its sensors. Part of the stabilization is 
achieved by the spinning lower segment of the 
satellite with the control gas jets at the end of 





FIQUXE 2.-Orbiting Solar Observatory. 
Our next step in the area of scientific observ- 
atories is shown in figure 3. This spacecraft, 
weighing about a thousand pounds, will exam- 
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ine the geophysical properties of s p a c e t h a t  is, 
those properties associated with or influenced 
by the presence of the earth. The figure shows 
the successive attitudes of one version of this 
observatory when flying an eccentric path out to 
about one-fourth of the way to the moon. 
Tlliereas the Solar Observatory was stabilized 
to face the sun, this spacecraft d l  be earth- 
stabilized so that one set of the score of 
experiments will always look back at  the earth. 
Because of this constant orientation, other ex- 
periments can be carried that will always point 
to space and yet others at right angles to the 
plane of motion. The large paddles covered 
Kith solar cells will always point at the sun, so 
that some experiments mounted on the paddles 
can be constantly solar oriented. 
FIGW 3.-Eccentric orbiting geophysical 
observatories. 
A spacecraft similar to the one shown in fig- 
ure 3 will also ibe used in a nearly circular polar 
orbit to yield data on space properties near the 
earth’s magnetic poles. The first of the Geo- 
physical Observatories should be launched in 
less than a year from now. 
Our present series of observatories will be 
rounded out by the Astronomical Observatory 
shorn in figure 4. This 3,500-pound spacecraft 
will be oriented toward the stars in its nearly 
circular orbit around the earth. Now under 
development, and expected to be flown within 
about 2 years, this remarkable spacecraft will 
be used for long-term astronomical observations 
of the universe, principally at energy wave- 
lengths that do not penetrate to the surface of 
the earth. 
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These three observatories will each be 
launched a t  intervals throughout this decade to 
give us long-term continuous measurements in 
the solar, geophysical, and astronomical areas. 
Augmenting these will be numerous flights of 
smaller, more specialized spacecraft for near- 
earth scientific measurements. 
True exploration of the near-earth reaches 
of space will largely fall in the domain of the 
unmanned spacecraft. This does not mean that 
man will not have an active role in this region ; 
however, it does mean that until there is a future 
clarification of manned space laboratory mis- 
sions, the role of man in satellite flights will 
focus primarily on his behavior when subjected 
to space conditions and on the development and 
proof-testing of the technological systems re- 
quired to sustain him from launch to recovery. 
I n  point of fact, we can more readily identify 
scientific exploration tasks requiring astronaut 
participation in terms of lunar or planetary 
exploration. Our current near earth missions 
are, therefore, primarily focused on the solution 
of problems anticipated in these long-term 
missions. 
The first steps of manned flight are already 
well known. Figure 5 shows a cutaway view 
of the now familiar Mercury capsule. Initially 
flight extended it to nearly six orbits, giving 
a 9-hour exposure to near-earth space environ- 
ment. This spring we will fly a slightly modified 
version of the Mercury capsule for eighteen 
orbits or more, thus acquiring further informa- 
tion on the actions and reactions of men to 
more extended periods of exposure to weight- 
lessness. The modifications will consist, prin- 
cipally, of additions of expendable supplies. 
The mission will still be restricted to  a single 
astronaut. 
I n  order that we may acquire more extensive 
information on the effects of long-term space 
exposure on astronaut capabilities, concurrently 
evaIuate flight systems required for this longer 
duration flight, and develop advanced mission 
capabilities involving man’s direct participa- 
tion, we will initiate our first Project Gemini 
flights in about a year. 
As shown in figure 6, the Gemini configura- 
tion will be geometrically similar to the Mercury 
deSi@ec! fcr thxe esrth GT?$tS, ths Schirrii 
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spacecraft. It will differ significantly, how- 
ever, in being large enough to accommodate 
two astronauts simultaneously. By providing 
a copilot, as it were, we feel that we can safely 
and objectively proceed to flight durations of a 
week or more. 
I n  addition to providing a laboratory for the 
study of the effects of long-duration flight on 
man, Gemini will provide us a powerful tech- 
nological device for developing the art  of ren- 
dezvous and docking in space. Rendezvous is 
here defined as the task of maneuvering into 
close proximity two spacecraft separately 
launched into space, and docking as the task 
of connecting together those spacecraft to form 
a composite machine. The task of landing men 
FIQWBE 5 . 4 n d a y  manned flight. FIGWE &-Gemini spacecraft. 
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on the moon and returning them safely to the 
earth will be greatly expedited by utilizing ren- 
dezvous and docking techniques. 
In t.he Gemini program a target spaoecraft 
will be launched into earth orbit and, after con- 
firmation of its ephemeris, will be followed by 
the insertion of the two-man Gemini capsule. 
Through a combination of p u n d -  and air- 
borne-tracking information, the astronauts will 
maneuver the two spacecraft into an actual 
physical coupling. Insofar as Gemini itself is 
concerned, no essential mission capabilities will 
result from this docking procedure. The sig- 
nificance will become apparent in the manned 
lunar mission or, when missions become defined, 
for crew or supply t m s f e r s  to manned orbiting 
space stations. However, as one phase of Proj- 
ect Gemini, we will attempt to have one astro- 
naut actually leave the capsule in space and per- 
form simple tasks in the vicinity of the orbiting 
capsule, orbiting at  18,000 miles per hour. 
LUNAR MPlORATlON 
Before we consider the problems of m e d  
lunar flight, let us examine the scientific prcr 
grams that will precede that event. 
We are now in the process of carrying out our 
first-generation attempts at lunar exploration. 
T h e  spacecraft we are using is shown on the 
right in figure 7. About a year and a half ago 
we launched two Ranger spacecraft for experi- 
mental verification of the design concepts Al- 
thoughneither launch resulted in the pre- 
p l m e d  highly elliptical trajectory, we were 
able to confirm the basic validity of Ranger. 
I n  January 1962 we launched the first of 
our Ranger spacecraft at the moon. Through 
an uncorrectable velocity overshoot a t  launch, 
we missed the moon by about 23,000 miles, a 
distance too far  to permit employment of the 
Ranger instrumentation. On a second attempt 
in April 1962, we had a highly accurate launch, 
but malfunctions within the spacecraft made it 
impossible to activate the systems requiring on- 
board control. As a consequence the spacecraft 
traveled out to the moon without midcourse 
correction and impacted on the back side with 
no opportunity to exercise our instrumentation. 
Our third attempt to perform the lunar im- 
pact mission with Ranger during the fall of 
1962 also ended in failure as a result of internal 
spacecraft difficulties. We will continue further 
FIQUFS 'I.-U~~nanned lunar spacecraft 
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shots in the Ranger series because of the great
importance of the data that can be obtained
from this mission.
As the spacecraft approaches the moon on a
collision course it will reach an ultimate impact
velocity of about 6,000 mph. This impact will,
of course, result in an instantaneous destruction
of the spacecraft. Several thousand miles from
the moon, however, the spacecraft will be alined
so that a series of closeup moon surface photo-
graphs can be taken with video-cameras and
radioed back to earth. Every 13 seconds_ dur-
ing the final plunge_ a new photograph will be
transmitted. These will naturally give a suc-
cessively increased enlargement of a small part
of the moon's surface. These will result in our
first real closeup look at the lunar surface
terrain.
The best lunar photographs from earth ob-
servatories do not yield a resolution of details
less than about 1,500 feet across. The Ranger
photographs should improve this resolution to
a few feet. From this improved surface data
we will be able to determine the engineering de-
tails required in the landing and stabilization
system of manned lunar spacecraft that must
maintain landing attitudes permitting subse-
quent take-off.
Some Ranger missions will not be completed
after photographs are taken prior to impact.
In some flights_ when the main spacecraft is
about 10 to 15 miles from impact, a small de-
tachable package will be retrofired backwards
to a resultant zero velocity relative to the moon.
Under the pull of the moon's gravity, this pack-
age will then fall freely to the surface. The
instruments, enclosed in a thick balsa-wood
crushable casing, will survive the impact and
will radio data from the moon's surface for
about a month.
In the Ranger attempts to date, the sur-
vivable package has contained a single-axis
seismometer to measure lunar surface tremors
or moonquakes. The absence or presence of
tremors_ and the character of those recorded,
will contribute greatly to an understanding of
the interior composition of the moon, and hence
give valuable clues to its origin and formation
processes.
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Subsequent Ranger spacecraft will have sev-
eral versions, depending on the developing out-
come of the flight program. In our next series,
' starting late in 1963, all survivable equipment
will be removed to permit the inclusion of more
advanced photographic and electronic readout
equipment. In this version, we hope that ex-
clusive concentration on the photographic mis-
sion will improve the quality and quantity of
photographs of the moon's surface.
It was indicated that Ranger is our first-
generation lunar exploration vehicle. The
Surveyor lander, our second-generation effort,
is already under development. Surveyor is a
soft lander. That is, instead of impacting to
destruction withe at best, a small survivable
portion, the entire spacecraft is decelerated by
a relatively large retrorocket and is brought to
rest on the lunar surface. The actual sinking
speed at impact should not exceed that of mod-
ern transport aircraft as they touch down on a
runway.
The Surveyor spacecraft will have a landed
weight of about 700 pounds, almost the injected
weight of Ranger. Consequently, relatively
sophisticated lunar experiments will be possi-
ble. These will vary among the successive
Surveyor landings, but will include radio-
_ctivity and radiation measuring devices and
instruments for detecting the presence, if any,
of a lunar atmosphere. Several television
cameras will be capable of taking photographs
ranging from microscopic closeups of the soil
at the landing point to panoramic pictures of
the moonscape in the vicinity of the spacecraft.
One of the more interesting pieces of equip-
ment contemplated for later versions of Sur-
veyor will contribute to an understanding of
the lunar geology. A core drill, similar to an
oil-well drills will be extended from the space-
craft to take a 5-foot-deep core sample of the
lunar crust. By transporting the sample
through an analyzer it will be possible to radio
the chemical composition of the moon's crust
back to earth.
The surface photographs obtained from the
Surveyor lander together with the closeup ap-
proach photographs from Ranger should give
us a reasonably detailed understanding of lunar
surface conditions at a number of points. In
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order to complete our landing site selection for 
eventual manned missions, we may find it nec- 
essary to correlate these detailed regions with 
a complete moon surface reconnaissance. A 
vehicle to do this may be a second version of 
Surveyor, the orbiter. The surface instrumen- 
tation would be replaced by high resolution TV 
cameras and the modified spacecraft inserted 
into a satellite orbit around the moon. By this 
technique the complete lunar surface could be 
photographed. Other reconnaissance vehicles 
are also being studied. 
Ranger is our first-generation lunar explora- 
tion spacecraft; Surveyor will be our second; 
and a manned system will be our third. These 
generations are fairly compressed, inasmuch as 
we expect to make our first manned lunar land- 
ings before this decade is out. 
APOLLO 
The lunar landing mission will be the cul- 
mination of the mightly Project Apollo. As 
shown in figure 8, Apollo will actually consist 
of a number of stepping-stone missions, each 
impressive in itself. By mid-decade we will be 
flying a three-man crew in earth orbit. Besides 
adding to our store of knowledge about crew 
reaction and performance during flight dura- 
tions of several weeks, these flights will provide 
verification of our component technology and 
will serve as crev-training missions. A little 
later we will practice the capsule separation, 
rendezvous, docking, and crew transfers later 
to be employed in the lunar landing mission. 
Only after this experience is gained will we be 
ready to fly out to the distance of the moon and 
reenter the earth’s atmosphere at 25,000 mph. 
In  all probability the early lunar flightswill 
only accomplish circumlunar flight, with per- 
haps a low-level visual reconnaissance of the 
lunar surface during orbital passage around 
the moon. Actual lunar landings will follow. 
On the left of figure 8 is shown the launch 
package for the iunar ianding mission. A com- 
mand module will hold three astronauts during 
launch, the trip to the moon, and the return to 
earth. This is the only portion of the space- 
craft that will finally reenter the earth’s atmos- 
phere and be recovered. It is followed by a 
service module containing various supplies and 
FIQUEE 8.-Apollo. 
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the rocket used in slowing down the overall 
spacecraft to enter lunar orbit and in accelerat- 
ing the command module for return to the 
earth. The last module is the vehicle that will 
be used for the actual lunar touchdown by two 
of the three astronauts. 
The rather complex steps of the actual lunar 
landing and return are summarized in figure 9. 
After injection from the earth on the escape 
trajectory to  the moon, a low orbit will be es- 
tablished around the moon. Two of the three 
astronauts making the journey will then trans- 
fer from the command module, or main space- 
craft, to the second spacecraft which is designed 
solely for lunar landing. This lunar excursion 
module will be separated from the command 
module and will be brought to rest on the moon’s 
surf ace. 
After a 1- or 2-day exploration period, the 
lunar excursion module will be fired from the 
moon’s surface back into a lunar orbit trajec- 
tory corresponding to that of the command 
module. The two spacecraft will rendezvous, 
dock together, and the two moon explorers will 
transfer back to the command module. Then, 
leaving the excursion module behind, the com- 
mand module will be inserted into a lunar escape 
trajectory back towards the earth. 
There will be no deceleration of the return- 
ing capsule by retrorocket. Aerodynamic 
braking will be the sole means of reducing the 
velocity from the 25,000-mph reentry speed in 
the earth’s at,mosphere. With the moderate lift 
aerodynamic characteristics of t,he Mercury- 
shaped capsule, this will require penetrating the 
earth’s atmosphere within a corridor about 40 
to 60 miles high, or a corridor only about 1 
percent of the earth’s radius. The spacecraft 
will be pilotad down this corridor to one of 
several preselected landing areas on the earth. 
These areas will be on land, in contrast to the 
water impact zones of the current Mercury pro- 
gram. 
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The physical configuration of the spacecraft 
injected toward the moon can be seen in figure 
10, representing the “unpackaging” of the 
spacecraft during lunar transit. For safety rea- 
sons the command capsule, housing the three- 
man crew, will be stored in front of the lunar 
landing module during launch, so it  could be 
separated from the launch rocket in an abort 
maneuver in case of impending explosion of 
the rocket. When the escape trajectory is 8s 
tablished the command and service modules will 
be turned until they are finally fastened in a 
face-to-face attitude to the lunar excursion 
module. This will permit the two landing crew- 
men to transfer once lunar orbit is established. 
After this docking, the spacecraft will be sepa- 
rated from the injection rocket stage.. 
Figure 11 illustrates the entry of the com- 
b i n d  spacecraft t=x@~rztkfi intm a lunar 
orbit about 100 miles above the moon’s surface. 
The deceleration from approach speed to the 
orbital velocity will be achieved by retrofiring 
the large rocket motor contained in the service 
module. 
Sf te r  the lunar orbit path is established, two 
of the three astronauts will transfer themselves 
from the command module to the lunar excur- 
sion module as illustrated in figure 12. They 
will simply move through a connecting hatch 
to the lunar excursion module. There is no 
“up” or ‘Ldown”; there are weightless condi- 
tions. A t  the proper moment they will separate 
the lunar excursion module and, by retrofn-ing 
a braking-stage motor, will descend to the lunar 
surface as shown in figure 13. Their descent 
will terminate in a hovering maneuver a short 
distance above the surface from which they will - apauie 01 making a iinai iandmg site selec- 
tion within a radius of several thousand feet. 
The main motor will then be throttled for the 
final gentle landing. 
h- ----Ll- - p  
F I ~ R E  lZ.--Traneter to LEM. 
F‘IGURE ll.-Entering lunar orbit. 
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able time for a Mars flight will come in the fall 
of 1964. We are now firming up our space- 
craft concepts for the coming opportunities at 
both planets. 
On the right in figure 17 is the probable next 
planetary spacecraft. The basic mission will 
be similar to that of Mariner 11-that is, a fly- 
by in close proximity to the planet. I n  the case 
of Mars, the greater distances from the sun will 
require larger solar panel arrays to generate the 
on-board power-hence the greater number of 
panels. 
In  addition to the simple fly-by, however, we 
hope to be able to incorporate a detachable 
“pod” or capsule that can be aimed to enter the 
planetary atmosphere as the main spacecraft 
passes. Data on atmospheric conditions and 
on planetary surface properties would then be 
relayed back to the earth via the main space- 
craft. We are also looking down the road a 
few years to determine mission capabilities 
when the very large boosters that were shown 
in figure 16 become available. With these large 
boosters we will be able to consider simple mis- 
sions to planets other than Venus and Mars as 
well as much more complex and profitable mis- 
sions to these two closest planets. 
Having discussed the firm elements of our 
programing in the area of space exploration 
using manned as well as unmanned spacecraft, 
let us turn for a brief look at our projects aimed 
at the use of space for practical purposes to 
enhance man’s living and operating capabilities 
here on earth. At  the present time we do not 
visualize these kinds of operations being con- 
ducted except by earth satsllites. Two areas 
dominate our attention : weather-observation 
and communications. We are, however, also 
closely examining Navy experiments with the 
Transit navigational satellite to determine the 
applicability of this system to international 
commercial uses. 
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METEOROLOGICAL SATELLITES 
There appears to be a bright and definite fu- 
ture role for weather ohservational satellites, 
both for use in day-to-day weather forecasting 
and as a platform for acquiring basic new 
meteorological data that may markedly improve 
long-range forecasting techniques. 
This country has already launched six of the 
Tiros satellites shown in figure 18. Two of them 
are presently operating simultaneously. Them 
are relatively simple experimental devices. The 
solar-cell-powered spacecraft are spin stabilized 
and hence are space- rather than earth-oriented. 
As a consequence, the video cameras, used to 
record cloud formation pictures, only look at 
the earth during part of each satellite orbit. 
The pictures trtken during the part of the orbit 
in which the earth is visible and in sunlight 
from receiving stations located on the East and 
West coilsts of the US. In  some of the T i m  
spacecraft additional infrared detecting instru- 
ments have been carried for fundamental meas- 
urements of the temperature distributions and 
resulting heat budgets around the earth. 
Although the operational capability of the 
Tiros spacecraft has been limited, astounding 
success has been achieved in acquiring useful 
weather-forecasting data. Several hundred 
thousand individual cloud photographs have 
been transmitted back to earth. A large frac- 
tion of these have been analyzed by the Wwther 
Bureau within a few hours of being taken and 
the results have been incorporated into regular 
weather analyses. 
Both the limitations of the Tiros spacecraft 
and the potential value of an improved meteoro- 
logical satellite system are revealed by the 
global cloud analysis data in figure 19. Based 
on a, composite of photographs taken during 
one %hour period, the figure shows, on a large 
scale, what can be achieved by the weather satel- 
lite. Although limited by the satellite orbital 
and orientation characteristics of Tiros, seven 
major weather disturbances were observed dur- 
ing this l-day period. The gross hemispherical 
weather systems indicated here are by no means 
representative of the local detail which can, 
and is, being developed from the weather 
pictures. 
E.i.8 ea t Z p G  fer m d w t  QT? WrnE2d 
FIQOBE 19.4lobal cloud analysis, September 11,1981. 
NASA, in cooperation with the Weather Bu- 
reau, is developing a second-ge.neration weather 
satellite that will yield data that will help fill 
up the gaps on this map. This Nimbus satellite 
is shown in figure 20. The sensory instrumenta- 
tion, which will not differ markedly from that 
carried in Tiros, will consist of improved video- 
camera systems and infrared scanners in the 
early versions. The principal differences in the 
spacecraft arise from the incorporation of earth 
h o u m  2O.-Nimbus meteorological Evatellita 
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stabilization of Nimbus. Control sensors will 
keep the cameras continuously pointing at  the 
earth. When flown on a near polar orbit, there- 
fore, Nimbus will give pictures of the weather 
over most of the earth every 12 hours. 
Because the solar cells must continuously 
point at the sun as the spacecraft revolves on 
its axis to maintain earth orientation, the cells 
are mounted on paddles which will revolve rela- 
tive to the spacecraft body. 
The first Nimbus should fly in lees than a 
year. After a developmental period of several 
years, the country can probably expect the in- 
corporation of a continuously operating weather 
satellite system in our weather prediction 
service. 
COM MU N KAT1 ONS SATELLITES 
The second area of space application that 
seems fairly near fruition is the field of com- 
munication satellites. Over 2% years ago 
NASA launched a passive sphere known as 
Echo which permitted experimental transcon- 
tinental and transoceanic communications via 
space. Although possessing the virtue of hav- 
ing no airborne electronic components in the 
communications link, the passive system suffers 
disadvantages in terms of high power ground 
transmitter and ultrasensitive ground receiver 
requirements, inasmuch as the communication 
signal is simply reflected from the satellite 
without power boost. 
The recent successful launchings of the AT&T 
Telstar and the NASA Relay have dramatized 
communication satellite capabilities when 
spacecraft signal amplification equipment is in- 
corporated. Figure 21 illustrates the typical 
elements of these “active” communication satel- 
lites. A relatively modest power level can be 
used to beam a ground signal to the spacecrafi. 
It is received, amplified, and rebroadcast by 
FIQUEE 21.-Active repeater satellite. 
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the satellite. This power boost to the signal
minimizes the required receiver capability.
Although Telstar and Relay have shown the
potentiality of active communications satellites_
they have not resolved the technical questions
as to the best kind of a satellite system. At
moderate altitudes, where the satellite can be
spin stabilized without serious signal fluctua-
tion at the ground receiving station, the dele-
terious effects of concentrations of energetic
particles in the great radiation belts may reduce
electronic component life to an unprofitably low
level. Also at these altitudes larger numbers of
satellites will be necessary in order to maintain
continuity of communication between ground
points.
If the satellite altitude is raised, however, to
the synchronous height of about 22,000 miles in
order to minimize the numbers of satellites and
the effects of radiation belt damage, a require-
ment is introduced to increase greatly the
satellite on-board power, or stabilize the satel-
lite relative to the earth, or electronicallff point
the antenna output pattern at the earth at all
times. Them are major technological problems
to be overcome with any of these alternatives.
Although passage of the Communications
Satellite Bill has made it clear that operation of
a global communications system via satellites
will rest in the hands of private industry, there
is a major governmental role still present in the
exploration and solution of basic research and
development problems. The NASA program in
the active communications satellite area is con-
tinuing strongly, therefore_ with Projects Relay
and Syncom in the intermediate and synchro-
nous altitude ranges, respectively, to further the
state of the art so that the world can enjoy the
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HE GOODENGINEER must know his materials.In order to put into practice his ideas he
must know what techniques, instruments, equip-
ment, materials, and processes are available to
him, and he must understand the facts of na-
ture and the basic laws that govern his use of
them. In other words, progress in the solution
of new problems must rest solidly on accom-
plishments of the past.
Anyone who undertakes to apply human
learning and its products to the solution of prac-
tical problems is in a very real sense an engineer.
This is as true in the case in which the problem
is social or political or economic as well as in
the more traditional cases of civil, mechanical,
electrical_ electronic, aeronautic, mining, or ma-
rine engineering. In the latter cases the prob-
lems are usually well defined, and there exists
a wealth of codified information and experience
with which to tackle them. There are com-
plete libraries of reference material, hand-
books, textbooks, and catalogs, while a massive
industrial complex stands behind the engineer
ready to assist in the accomplishment of his
goals.
In the former case of social, political, and
economic matters, the problems that face those
who would engineer a solution to them are just
as important as those that occupy the attention
of the more conventional engineer. Indeed_
.... ,_ .... _ oft2n conec_ +b_ _ability of o-.__
communities, our nation, and even our civiliza-
tion, they are of transcendent importance. And
they are often immeasurably more difficult to
solve.
Even the problem sometimes defies clear-cut
definition. And the applicability of past ex-
perience is not always clear. Nevertheless, one
constructive step in approaching all these prob-
lems is to know what one has to work with. In
our present day, one of these tools is the rapidly
developing space program.
The budget of $3.7 billion for the current
fiscal year and the requested $5.7 billion for
the next fiscal year are sizable sums of money,
approaching 1 percent of the Gross National
Product in magnitude. But perhaps even more
important than the absolute magnitude of these
sums is the leverage they exert or can be made
to exert on other more general activities and
associated resources. Although the effect of the
space program on the total national scene may
be quite modest, in certain localized regions it
can be quite large. For example, in the last 3
years NASA contracts in the southwestern
United States have amounted to $1.4 billion,
and about 90 percent has gone to and through
contractors in California. It appears at the
present time that in fiscal year 1963 about 47
percent of all NASA prime contracts will go to
California firms. Some share of this goes to
the San Francisco Bay Area.
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It is not within my competence, or that of
most of my colleagues, to understand how to ap-
proach the solution of problems of regional de-
velopment and growth. It would be out of
order for us to attempt to suggest solutions.
But we can describe one of the tools available.
That is, of course, the space program. Our pur-
pose is to promote an understanding of the
scope, objectives, accomplishments, and poten-
tialities of the space program in the hope that
social engineers will discern how this tool can
be used along with others in promoting the
growth and progress that we all desire.
The implication and scope of the total na-
tional space program were described in the two
preceding papers. The purpose of this paper
is to review one aspect of that total program,
namely, space science.
THE PROCESS OF SPACE SCIENCE AND ENGINEERING
Basic science has as its principal objective the
advancement of fundamental knowledge about
our universe. The results of basic science pro-
vide the foundation on which our great engi-
neering and technological applications rest. At
the same time, an important result of engineer-
ing and technological progress is the ability to
do better basic science. All around us in tlfis
modern age we see examples of the product of
engineering and technological skill serving the
cause of science which in return serves the cause
of engineering. Some examples are: the tre-
mendous range of electronics instruments which
are indispensable to the modern scientist; the
huge accelerators and the modern nuclear reac-
tors that are so.important to the nuclear physi-
cist; the huge industrial processing plants that
provide the scientist as well as the Consumer
with materials never available in past times;
and, the modern rocket.
Thus it is that science and engineering ad-
vance together in a powerful partnership. To-
day, we see this partnership stronger than ever
in the space program. Because of the modern
rocket, the scientist is now able to send his re-
search instruments into the high atmosphere
and out into space where they can make meas-
urements that were hitherto impossible at the
surface of the earth. Eventually man himself
will go along with his instruments to the moon
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and into deep space to continue the scientific
investigation of space and to lay the ground-
work for what may be termed "space engineer-
ing." In the meantime, unmanned satellites
and space probes are gathering basic scientific
data that are also needed in the development
of manned, space flight.
At this point a historical note may be of in-
terest. Robert Goddard, who is known as the
father of modern rocketry, was actually a phys-
icist rather than an engineer. He was inter-
ested in learning more about the earth's upper
atmosphere than was possible with earth-based
or balloon-borne instruments. Thus motivated,
he developed with remarkable accuracy and
thoroughness the theory of the rocket, and then
set about to engineer it. Likewise_ many of
the German scientists who worked on the first
big rockets like the V-2 were motivated by an
interest in travel through space.
With the availability of the modern rocket,
science in space, or space science as it is called
for brevity, has become a reality. Space science
calls upon a broad range of disciplines to at-
tack some of the most important and challenging
scientific problems today. Among these prob-
lems are the investigation of the earth and sun,
moon and planets, stars and galaxies, and life
in space, from the vantage point provided by the
orbiting satellite or the deep space prob_
Some of the disciplines involved in space
science are as follows: physics, chemistry,
astronomy, astrophysics, geodesy, meteorol-
ogy, geology, geophysics, geochemistry, mathe-
matics, biology, biophysics, biochemistry,
seismology. The list is a long one. More
interesting, however, than the large number of
disciplines involved in space science is the part-
nership that is required among these disciplines.
Out in space, nature makes it plain that the di-
vision of science into the many disciplines is a
human convention, and is one that must be for-
gone if real progress is to be made in under-
standing the many phenomena in space. For
example, the investigation of the earth and the
sun and the interplanetary medi .ran calls upon
the astronomer, physicist, and geophysicist to
move ahead together in a closely integrated
partnership.
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EARTH AND SUN
Satellites and sounding rockets afford the
scientist with a very powerful means of in-
vestigating the earth on which we live. Equip-
ment can be sent aloft to investigate the atmos-
phere at all heights_ and to study the ionosphere
which lies in the upper reaches of the atmos-
phare and consists of large numbers of electrons
and ions. The atmosphere is important because
it comprises the source and substance of our
everyday weather. The ionosphere is important
because it furnishes the means by which radio
waves may be reflected beyond the horizon,
thereby making it possible to communicate
around the world.
Only a few decades ago, many textbooks re-
ferred to the upper atmosphere as a rather quiet
medium in which the various gases separated
according to their relative weights, giving the
atmosphere a stratified character. Indeed, it
was this belief that led to the term "strato-
sphere" which is well-known today, but which
in the lower portions of the atmosphere is com-
pletely a misnomer.
Satellites and sounding rockets, extending
ground-based observations by means of radio
and other techniques, have shown that the upper
atmosphere is far from quiet. Instead, the
upper atmosphere is an exceedingly complex
medium, subject to gross and sudden changes de-
pendent on activity on the sun. Large tempera-
ture changes occur between day and night, and
between sunspot maximum and sunspot mini-
mum. The composition and ionization is af-
fected and controlled by solar electromagnetic
and particle radiations.
Although the lower portion of the atmosphere
below about 100 kilometers is thoroughly mixed
and turbulent, the upper reaches are now known
to be quite different in composition. As shown
infigureI,the lower portions of the atmosphere
give way to a region in which atomic oxygen
predominates, which in turn merges into a re-
gion where helium isthe dominant constituent,
which finallymerges with a region in which
hydrogen isthe predominant constituent.
The hydrogen .layermerges with interplane-
tary space through what has come to be known
as the earth'smagnetosphere. (See fig.2.) The





particles, primarily electrons and protons_ in a
region extending out from 10 to at least 20
earth radii from the surface of the earth. At an
altitude of about 1 earth radius, the density of
the earth's atmosphere __becomes equal to that of
the interplanetary gas. One would, therefore,
expect this to mark the boundary of our at-
mosphere. The presence of the magnetosphere,
however, serves to extend the earth's atmosphere
far out into space in a sort of terrestrial halo
that has come to be known as the Van Allen
Radiation Belts.
Satellite-borne instruments plot out the
earth's magnetic field and measure the radia-
tions to be found in these Van Allen Belts.
They likewise provide a new line of attack on
the auroras which have hitherto had to be stud-
ied from observatories on the ground.
One can also use satellites to study the in-
terior of the earth. Observations on the influ-
ence of the earth's shape and mass distribution
on the orbit of the satellite enable the scientist
to determine the strength of the earth's interior
and to measure the distribution of matter
within the earth. Such measurements have
been made by means of the first Vanguard
satellite and u number of the Explorers.
Observatories above the earth's atmosphere
make it possible to investigate the sun and its
a_tivity (see fig. 3) with a thoroughness not
possible from the ground. The ultraviolet,
X-ray, radio, and infrared radiations that do
not reach the ground can be observed and meas-
ured from space platforms. Sunspots, solar
flares and solar storms_ electromagnetic radia-
tions from the sun, the solar corona, and clouds
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of energetic particles expelled from the solar 
surface are all amenable to investigation by 
means of satellite-'borne and space-probe-borne 
instruments. 
The first Orbiting Solar Observatory, OS0 I, 
was launched on March 7, 1962. I n  the first 8 
months of its operation, this Observatory pro- 
vided the scientist with thousands of times more 
ultraviolet and X-ray data than had been ob- 
tainable hitherto using sounding rockets. Even 
today, OS0 I continues to operate, although in 
limited fashion, returning usable scientific data 
to the scientist on the ground. These detailed 
studies of the sun are important in developing 
an understanding of solar flares and other solar 
activities that discharge particles and magnetic 
fields into the interplanetary medium. 
The interplanetary medium (see fig. 3) must 
be understood before we commit men to long 
trips out to the moon or planets. This medium 
consists normally of 5 to 15 particles per cubic 
centimeter at  our distance from the sun. It is 
through this interplfanetary medium that the 
sun dispatches solar cosmic rays toward the 
earth, which are hazardous and may even be 
lethal to crews and components of spacecraft. 
The interplanetary medium is the region 
through which the sun exerts its influence on the 
earth, giving rise to our weather, creating the 
ionosphere and the auroras, stirring up the radi- 
ation belts and causing magnetic storms, and at  
times completely disrupting radio communica- 
tions on the surface of the earth. 
Because of Explorer satellites, Pioneers, 
especially Pioneer V, and Mariner 11, the inter- 
planetary medium is no longer the complete 
mystery that it once was. Nevertheless, there is 
much yet to be learned $bout it, and the NASA 
program includes a vigorous plan of attack on 
the problems of understanding interplanetary 
space and the role it plays in transmitting solar 
influences to the earth. To the scientist, this 
interplanetary space appears as a gigantic lab- 
oratory affording the opportunity to investigate 
matter and magnetic fields under conditions of 
low density that are absolutely unobtainable in 
the laboratory. 
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F r o m  3.-Earth and sun. 
MOON A N D  PLANETS 
The mo8fl offers dl  kinds of scientific and en- 
gineering opportunities (see fig. 4). As the 
target of our manned lunar landing program, it 
brings to focus an engineering effort that ex- 
ceeds in scope and daring all previous engineer- 
ing ventures of mankind. 
I n  the field of science, the moon is of particu- 
lar interest because i t  may furnish one of the 
most significant clues to the question of how 
the earth and other planets of the solar sys- 
tem originated. The lunar surface is likely to 
have preserved the record of past events going 
back billions of years, perhaps nearly to the 
time of its origin 4yz billion years ago. This 
record has remained unmarred by the erosion 
of atmospheres and oceans, and from the ap- 
pearance of the moon as seen through telescopes, 
has been unchanged by mountain-building proc- 
esses. On the earth, and probably also on Mars 
and Venus, the surface record is lost because of 
these atmospheric and mountain-building 
pm9sses. 
. Mariner has opened up the field of planetary 
sciences for the United States, as Lunik has 
already done for the U.S.S.R. in lunar investi- 
gations. The opportunities that lie ahead will 
be of interest to many disciplines in addition to 
astronomy, but should be especially attractive 
to the geophysicist. Most of the techniques that 
will be required to observe and make measure- 
ments on these bodies will be those of the geo- 
physicist. Most of the instruments will be adap- 
tations of geophysical instruments, and the 
scientists who press forward with these lunar 
and planetary investigations will be, in effect, 
geophysicists whether or not they call them- 
selves such. 
These forthcoming opportunities not only 
extend the range of the geophysicist’s investiga- 
tions to ether planets, but also broaden the per- 
spective in which he can view the earth. 
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FIQUBE 4.-Moon and planeta 
Comparative investigations of earth, moon, 
and planets will contribute greatly to the under- 
standing of each one; and also to the under- 
standing of &he whole solar system. 
STARS AND GALAXIES 
As the oldest of the sciences, astronomy has 
had an illustrious history. From ground-based 
observations that have been limited to the very 
narrow range of wavelengths in the visible por- 
tion of the spectrum, plus small extensions into 
the ultraviolet and the infrared, the astronomer 
has put together a truly remarkable body of 
astronomical knowledge and theory. More re- 
cently the huge radio telescope has permitted 
observations in the radio wavelength portion of 
the spectrum. 
Nevertheless, astronomical theory itself indi- 
cates that the limitation of observation to the 
visible and part of the radio portions of the 
spectrum is a very serious limitation indeed. 
According to theory the most fundamental proc- 
esses in the birth of stars can be observed only 
in the infrared, while the most exciting por- 
tions of the evolution of the star are observ- 
able only in the ultraviolet. For this reason, 
the satellite orbiting above the earth’s atmos- 
phere opens up exciting new opportunities to 
the astronomer. 
One of the most important programs in 
NASA involves the Orbiting Astronomical Ob- 
servatory, designed to exploit these new oppor- 
tunities in astronomy. Carrying instruments 
and telescopes above the earth’s atmosphere, 
OAO will permit observations in all parts of 
the spectrum. The importance of being able 
to do this is illustrated in some measure by the 
inset in the lower right corner of figure 5. 
Here the same object, the Crab Nebula, is shown 
photographed in blue, yellow, red, and infra- 
red wavelengths. The differences are quite 
apparent, but actually are much less marked 
than differences to be observed when observa- 
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tions are made in the ultraviolet and X-ray 
wavelengths. 
An additional new opportunity available to 
the astronomer is that of observing bodies of 
the solar system at close range. The lunar and 
planetary probes provide this opportunity for 
the planets of the solar system. I n  the course 
of time, probes directed to the vicinity of the 
sun itself will permit extremely valuable close- 
at-hand observations of our nearest star. 
Still a third opportunity open to the astrono- 
mer and cosmologist is that of being able to 
perform experiments on a scale utterly un- 
obtainable on the surface of the earth. By us- 
ing spacecraft in satellite orbits about the earth 
or on escape trajectories from the earth, con- 
trolled or semicontrolled experiments can be 
performed on relativity, gravity, celestial me- 
chanics, galactic cosmic rays (the origin of 
which is still unexplained) and other topics 
which will add grist to the cosmologist’s and 
cosmogonist’s mill. 
LIFE IN SPACE 
Certainly one of the most exciting possibili- 
ties in space exploration is that indigenous life 
may be found outside the earth. The most 
likely candidate is Mars, where balloon ob- 
servations in the infrared have detected emis- 
sions characteristic of the carbon-hydrogen 
bonds. While this does not prove the existence 
of life on Mars, it is most certainly highly pro- 
vocative. For this reason, preparations are 
going forward with various types of instru- 
ments to search for living forms on the Red 
Planet. These will be carried in fly-bys and 
landers as soon as the necessary transportation 
is available. 
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All data available at present would indicate
that there is little likelihood of life on Venus.
Various radio astronomical observations of the
planet indicate that the surface temperatures
are in the vicinity of 700 ° K, well over the
boiling point of water. These temperatures
have been confirmed by the recent results from
Mariner II. Taken in conjunction with the
probably very high pressures existing on
Venus, exceeding 20 atmospheres at the surface,
such temperatures indicate that the entire
planetary surface must be bathed in a searing
atmosphere and that there is no chance of life
there..The biologists insist, however, that
there may yet be life on Venus, existing in the
cooler upper atmosphere. Balloon samplings
are being made of the earth's upper atmosphere
to search for organisms that might be living
there. Results from these investigations have
already shown that there are such organisms
living in the earth's upper atmosphere. These
investigations may shed additional light on
how much of a point the biologists have in
connection with Venus.
It does not appear likely that there are living
forms on the surface of the moon, because of
the lack of an atmosphere, the lack of any ob-
servable water, the extreme temperature ranges
to which the lunar surface is subjected, and the
constant bombardment of the surface by highly
energetic electromagnetic and particle radia-
tions. Some scientists believe, however, that
there might be living forms existing at some
distance below the hostile lunar surface.
At any rate, it is clear that we must be very
careful about what we do in the case of Mars.
It is NASA policy, in the investigation of Mars,
to protect by all possible means the opportunity
that Mars may present to study nonterrestrial
life forms. This includes sterilizing any space
probes that are sent to Mars so as to prevent
infection and contamination of the planet with
terrestrial life forms and materials.
If the planet Mars is to be maintained as an
ecological preserve, this can be done only by
international cooperation. At the present time,
this means specifically cooperation between the
U.S. and the U.S.S.R.
In the case of the moon, we shall take ad-
vantage of the hostility of the lunar surface
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to assist us in protecting the biological oppor-
tunities that may exist there. Lunar space-
craft, although not absolutely sterile, will
be maintained at operating-room cleanliness.
Whatever organisms remaining on the space-
craft do land on the moon will then be pre-
vented by nature itself from spreading. Thus,
the hostility of the lunar surface will then be
relied on to prevent any spread of infection,
and, indeed, to sterilize the landed object in the
course of time.
It may well be that there is no extraterres-
trial life to be discovered in the solar system.
Nevertheless, that does not end our interest in
life in space, because we, ourselves, are cer-
tainly going to put life out there. Indeed, we
have already begun to do this in our Mercury
program, as the Russians have in their Vostok
program. Thus, one very important aspect of
life in space concerns the influence of the space
environment and space flight environment on
terrestrial organisms.
In satellites and space probes, there will be
the opportunity to study the effects of weight-
lessness, radiation, new periodicities, and other
conditions strange to terrestrial life. Man him-
self will be one of the major objects of study
THeE ENVIRONMENT OP SPACE
The scientific investigation of space, the ef-
fort to develop practical applications of space
knowledge and technology, and the program
to develop the ability of man to fly through
space all direct attention to the environment of
space as one of the most important of space
phenomena. There are at least two aspects of
our investigations of space environment: first,
the scientist's desire to get the whole picture;
and, second, the engineer's need to know what
men and equipment are encountering when they
go out into space.
Although their motivations may be different,
the scientist and the engineer need to know the
same things. Solar wind, plasmas in space,
cosmic rays, the interplanetary magnetic field,
solar fields, solar flares and particle eruptions,
and planetary fields must be known to the scien-
tist in detail in order that he can work out a
theory of what is happening. The same quan-
tities must be known to the engineer who is con-
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cerned with the protection of both equipment
and crews against the hostility of the space
environment.
The scientist wishes to know about the physi-
cal, chemical, and thermal properties of the
moon, not only out of general scientific curi-
osity, but also in order to gain insight into the
broader problem of the origin of the solar sys-
tem. The engineer, designing equipment and
planning operations for landing men on the
moon, needs to know these same quantities to
get his job done. The scientist seeks to deter-
mine the structure of the gravitational fields of
the earth and the moon as one of the most im-
portant properties of these bodies and as still
another approach to the study of their origin
and history. The engineer needs these data in
working out the trajectories and rendezvous
m_neuvers for space flight. The_ exa_m_ples
could be continued at length.
It is clear that, here again, we see an example
of the close partnership between engineering
and science. Both progress together, and as
each does his job, the other is benefited.
ENGINEERING IN SPACE
Having returned at this point quite naturally
to the partnership between science and engineer-
ing, it may be well to devote a little attention
to some of the future engineering accomplish-
ments that inevitably will contribute to the
doing of science in space--the matter of en-
gineering in space.
When man has developed the ability to fly
through space and to move about in space, he
will be in a position not only to carry forward
the scientific exploration and investigation of
space, but also to undertake engineering tasks.
This matter of engineering in space is still a
thing of the future. At the present time, space
engineering is carried out on the ground. The
engineered object, if it is a space vehicle, or a
spacecraft, is placed in orbit after the engineer-
ing has been accomplished.
But one day, the engineer will go out into
space to do part of his work there. One can
foresee the need to assemble in space large lab-
oratories and stations to serve as staging areas
for interplanetary fligilt.
It may be necessary to form the reflecting
708--399 0-----6,3-------_
37
surfaces for astronomical telescopes under the
conditions of weightlessness under which they
are to operate so as to eliminate distortions that
would be introduced by forming them on the
ground under normal gravity and then launch-
ing them into the "weightless conditions in orbit.
Considering the tremendous expense that one
must anticipate for the construction of huge
orbiting observatories and laboratories of the
future, it may well prove to be far cheaper to
provide human maintenance and repair than
to rebuild and launch a new satellite every time
an old one has ceased to function. In addition,
it may be possible to update a very expensive
facility by replacing some of the equipment and
instrumentation with improved devices.
The time will come when man will do en-
gineering on the moon, and, in the more distant
future, on the planets. In both cases, his en-
gineering will be done under conditions far dif-
ferent from those he encounters on the earth. In
the case of the moon, for example, the gravity
will be only one-sixth of that met with on the
earth, while the lack of an atmosphere, bom-
bardment by meteoritic particles, the constant
presence of the interplanetary radiations, the
tremendous range of temperatures, the possible
presence of dust that may be more than just
a nuisance, unusual conditions of electrostatic
charging, and so forth, will confront him with
problems that will tax his ingenuity and skill
to the utmost.
Engineering in space also will have value in
the development of both civilian and military
applications of space. Indeed, in many ways
the ability to engineer in space will influence
our living at the surface of the earth. Some
of these benefits are doubtless unforeseen at the
present time.
SPACE SCIENCE PROGRAM SUMMARY
In figure 6 are shown the NASA scientific
satellites launched from 1959 through 1962.
Several important observations may be drawn
from this chart. In 1962, we had 100 per-
cent successes with our scientific satellites,
whereas prior to 1962, the successes did not ex-
ceed 50 percent in any year. This dramatic
improvement is due to two factors: first, we
have learned how to design and develop reliable
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spin-stabilized satellites ; second, we have cap- 
italized on launch vehicles for satellite injec- 
tion which are highly reliable, such as the Thor- 
Delta. 
Another observation to be made is t,hat, the 
nature of our satellite missions has changed. 
I n  1962, we flew our first solar observatory, 
which heralded a new era of astronomical ob- 
servation. I n  addition, 1962 saw the sixccess- 
ful commencement of a cooperative ilight pro- 
gram for space exploration with Canada and 
England as part of a broad program of inter- 
national cooperation. The Ariel satellite was 
instrumented by British scientists, and the 
Alouette satellite was developed entirely by the 
Canadians. 
I n  the area of space probes we are at a de- 
velopment stage comparable with that of sci- 
entific satellites in previous years. As indicated 
in figure 7, we attempted five lunar and plane- 
tary missions in 1962. Of these five, only one 
mission can be counted a complete scientific PIIC- 
cess. This was the Mariner I1 which, on De- 
cember 14, 1962, made history by flying on t~ 
predetermined trajectory close to the planet 
Venus. Suffice it to point out here that these 
space probes have called upon the most ad- 
vanced technology in launch vehicles and un- 
manned spacecraft this country has yet at- 
tempted. Initial development problems have 
been encountered, both with the launch vehicles 
and the spacecraft, and strenuous efforts are 
underway to solve these problems. 
Figure 8 summarizes the history of sounding 
rocket launches in this country since 1956. The 
activity was very high during the period of the 
International Geophysical Year, that is, 1957- 
58, following which launchings dropped off 
markedly. Since 1959, however, the activity 
has built up steadily and it is important that 
this buildup continue. One of the prime rea- 
sons for the dramatic success and high reliabil- 
ity we enjoy in the scientific satellite field is the 
fact that as many instruments and components 
of our satellites as can be accommodated are 
tested on sounding rockets before they are com- 
mitted to the more expensive satellite programs. 
Figure 9 shows the scheduled activity for our 
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Geophysics and Astronomy Programs. The ex- 
plorers and monitors, and the international sat- 
ellites, programs which have been very active 
in 1962, are planned to continue at about the 
same rate throughout the time period shorn in 
this chart. Sounding rocket activity will in- 
crease. I n  addition, it is planned to continue 
our launching of the highly successful Orbit- 
ing Solar ObserT-atories at two a year until 1966 
or 1967, at which time the rate should increase 
to about four a year. Significantly, this in- 
RQWRE 8.-Sounding rockets. Firings by calendar 
year. 
creased launching rate in the 1967 time period 
coincides with the advent of maximum solar 
activity. The first use of an OS0 with increased 
observational capability will occur at this time. 
Much of our effort during the past year in the 
area of Geophysics and Astronomy has been di- 
rected toward the development of two large 
observatories-the Orbiting Geophysical Ob- 
servatory and the Orbiting Astronomical Ob- 
sen-atory. The Geophysical Observatory will 
make its first flight in 1963. It is planned for 
launch rates of approximataly three per year 
thereafter, covering two important orbits with 
well-integrated payloads of 20 or more ad- 
vanced experiments. The Astronomical Ob- 
servatory will not be flown until 1965 and will 
continue at  approximately 9 -month in terv-als. 
This satellite will constitute a major milestone 
in the science of astronomy. 
Turning now to the Lunar and Planetary 
Programs, as illustrated in figure 10, we see 
that our current active flight projects are 
Ranger and Mariner. Ranger has had five 
launchings to date. This project, which is de- 
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signed to obtain our first detailed information
about the lunar surface by means of approach
photography and landing capsules, has resulted
in many technological developments and an im-
pact on the lunar surface. Following a series
of improvements, Ranger will continue on into
1966. The Ranger will be followed by a con-
siderably more advanced spacecraft, the Sur-
veyor. The Surveyor will commence its test
flights in 1964 and should result in an instru-
mented soft landing on the moon in 1965. In
addition, an orbiting version of the Surveyor--
or some orbiter, not necessarily the Surveyor--is
planned for late 1965 or early 1966. This team
of spacecraft, the Surveyor lander and orbiter,
will provide us with our most extensive knowl-
edge about the moon prior to manned landing,
and will probably be utilized well beyond the
first manned mission.
In the planetary program, our active flights
began with the highly successful Mariner in
1962 and will pick up again in late 1964 with the
next opportunities to fly to Mars. Beyond 1964,
it is planned to launch a minimum of two flights
at each opportunity for the Mars and Venus
missions. The Mariner series, which began with
the capability of observing a planet during
close fly-by, will culminate with the landing of
instrumented capsules on the planetary surfaces.
Exploration of the planets constitutes what
may be the next greatest national challenge in
space beyond manned exploration of the moon.
Accordingly, planning is continuing toward a
large spacecraft to make use of the Saturn
launch vehicle capabilities. This project,
known as Project Voyager, will be continued
into preliminary design studies in 1964.
The Pioneer series of flights is a recent ad-
dition to our program. This project is desig-
nated to capitalize on the high reliability of the
Thor-Delta launch vehicle and the simplicity
of a light spinning spacecraft reminiscent of the
successful Pioneer V. The Pioneer program
will provide a series of deep space probes in the
1964 through 1967 time period which will help
us monitor solar radiations, both as a contribu-
tion to the International Quiet Sun Year and
in preparation for solar flare prediction at the
time of the manned lunar mission.
The Bioscience Flight Program is shown in
figure 11. This program which was in its form-
ulative stages last year, is now beginning to ac-
celerate. In the upper part of figure 11, our
balloon-borne program is illustrated. This pro-
gram is currently concentrating on two objec-
tives: the first of these is to obtain biological
samples from the upper stratosphere, and the
second is to obtain infrared spectra of the plan-
ets by carrying a telescope to high altitudes for
observations of Mars and Venus. In addition,
the Biosciences Flight Program is entering into
the satellite flight phase. In late 1964, it is
planned to launch the first of a series of recover-
able satellites which will carry multiple experi-
ments in fundamental biology. Beyond these
early exploratory flights, we are planning even-
tually to use manned spacecraft for the conduct
of biological experiments in space.
In addition to the sounding rockets required
to carry on the rocket sounding portion of the
program, space science flights will be made with
Scout, Delta, Thor-Agena, Atlas-Agena, and
the Atlas-Centaur. In addition, looking for-
ward to the more advanced planetary missions,
we are examining closely the use of the Saturn
launch vehicle series.
SPACE PHENOMENA ON EARTH
The space program, itself, constitutes one of
the most fascinating and significant of space
phenomena. It involves or gives rise to a va-
riety of activities and effects, some of them very
complicated and far-reaching, which may be
described as space phenomena on earth. Among
these may be listed:
The impact of space on education
The economic impact of the space program
The social impact of the space program
The cultural impact of the space program
The political impact of the space program
International cooperation
The very existence of a broad space program
may well provide some of the means for ac-
complishing objectives in regional growth and
development, which certainly involve the first
five topics listed.
In the last topic listed, we already have dem-
onstrated proof of the far-reaching eonse-
quences of the space program. Through inter-
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national cooperation in space, there are many 
countries that have found that the existence of 
a NASA program has assisted them in develop- 
ing space or space-related programs of their 
own. In  this, I do not refer to those efforts of 
direct assistance to the U.S. space program, 
in which countries have made available land on 
which U.S. tracking stations may be erected, 
or in which the countries themselves partici- 
pate in the tracking of our unmanned and 
manned spacecraft. These are, indeed, impor- 
tant elements of the space program, and of great 
value and assistance to the United States. How- 
ever, I wish to turn attention to the space efforts 
of other countries that have developed by virtue 
of the existence of the U.S. program. 
Because of the U.S. program, Canada was 
able to build an entire satellite using its own 
resources and personnel, and have it launched 
on a U.S. rocket. Similarly, the United King- 
dom has been able to instrument a satellite that 
was provided by the United States and then 
launched on a Delta rocket. Italy has found it 
possible to initiate a satellite program based on 
the Scout rocket as the launch vehicle. Also, in 
the sounding rocket area, many countries, in- 
cluding Sweden, Italy, Pakistan, and India, for 
example, have found it possible to undertake 
programs of their own because of cooperation 
growing out of U.S. interest in what these other 
countries are attempting to do. 
It should be emphasized that these programs 
are not little U.S. programs established in other 
countries through khe use of our funds. Quite 
the contrary. These are genuine national pro- 
grams, in which there is no exchange of funds 
between the United States and the cooperating 
country. Other c mntries, because launching 
services may be available, or sounding rockets or 
special instrumentations may be provided, have 
found it  possible to develop their own activities, 
funded by themselves, and carried out by their 
own scientists and engineers. This type of co- 
operation permits the other countries to develop 
their own capabilities, and provides a maximum 
of benefit to them. At  the same time, since the 
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scientific results are made generally available
through open publication in the scientific litera-
ture, we also benefit.
It is hoped that in some way_ through direct
or indirect association with the NASA program,
community leaders will find some .means for
solving urban problems. Whatever success is
achieved on a regional basis will benefit not
only that region but also the space program,
and the entire Nation as well.
Chairman: C. Easton Rothwell 
President, Mills College 
IS OUR SCIENTIFIC RESEARCH 
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GEORGE P. MILLEB, U.S. House of Rep- 
resentatives, 8th District, California ; 
Chairman, House Committee on 
Science and Astronautics. Formerly : 
California State Assenfblyman ; Exec- 
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T WOULD BE entirely pretentious for me to I identify and describe in specific detail re- 
search problems that are of vital importance to 
our country. But  I think it is certainly quite 
possible to identify, in terms of human needs, 
some pressing problems that deserve much more 
attention from the scientific community than 
they are presently receiving. 
I hope that all r i l l  agree that the eventual 
satisfaction of human needs, both philosophical 
and material, is the ultimate end of all science, 
research, and technology. I include technology 
here solely to emphasize the fact that it is 
through technology that scientific knowledge 
most often can be translated into goods or 
power. 
I would like to address a few comments re- 
garding the word “need.” Xo doubt there are 
as many different interpretations of that word 
as there are points of view. Every facet of our 
society that depends more or less upon science 
and engineering for its continued existence con- 
tributes to the overall demand for new research 
products. Hence, the research needs of this 
country can be best understood or analyzed in 
terms of the effect-the stimulus to respond 
thereby injected into our scientific community. 
The Xational Academy of Sciences has esti- 
mated recently that a total of $17.8 bill’ ion was 
spent by the Federal Government and private 
industry for research and development during 
1962. I t  is quite apparent to me that regardless 
of whether private or public money was spent, 
the expenditure of $17.8Mlion =as hardly done 
a t  random. It is obrious that funding of such 
scope had to be directed toward acquiring spe- 
cific knomiedge to satisfy specific needs, or for 
exploration to determine what our research 
products will be in the foreseeable future. 
XO one mill question that this era, these un- 
precedented times of truly global conflicts and 
convulsive expressions of surging nationalism, 
will be known as  the Age of Science and Tech- 
nology. This will be the label of the historian 
\rho neatly divides the past into tidy categories. 
But me are not blessed with a historical view 
cf the  present; s u r  fuiI course has not yet been 
run. We can only look at the wealth we hold 
in our hands, the riches that surround us, and 
then decide whether science and technology 
has up to now fulfilled all our needs. 
We are housed better, fed better with more 
variety, clothed better, and entertained more 
than any other people in the history of mankind. 
TT’e hare unprecedented means of communi- 
cations. We hai-e at our command industrial 
power and energy that exceed those of any 
other nation on earth. 
Our society has been made far more antiseptic 
through medical research than any other, and 
hence our product ire lives hare h e n  prolonged. 
\\-e have, through applied research, achiered 
greater leisure than has ever been known before 
by so many. 
Have science and technology satisfied our 
needs? I f  you limit them to food, clothing, 
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shelter, and security, then of course--far beyond
any expectation.
I am tempted to say that science, engineering,
and technology actually are and have been pre-
occupied as much with our desires as with our
needs. I admit to a certain uneasiness, however,
when I contemplate all that we have. Have we
really achieved material security ? Are all our
sym_bols of wealth and well-being true indi-
cators of our national strength?
Will our future vigor, security, and advance-
ment as a people be assured by the use we are
now making of our science and technology?
Or have we built for ourselves, through research
and its applications, a lotus land where we have
become so preoccupied with enhancing our own
material well-being, our national ego, that the
human ills of the rest of the world tend to
become remote and unreal ?
The people of this world have always been
generally divided between the "haves" and the
"have-nots." All conflicts between peoples are
directly or indirectly rooted in this division. It
lies at the original foundation of the causes for
the ideologieal clash of today, of state control
versus private enterprise, communism versus
free society.
In all ages, including our own, the have-nots
have far outnumbered the haves. The advance-
ment of teehnology of other eras, as primitive as
it may seem now, made possible the isolated
development of culture and civilization out of a
sea of barbarism.
It seems tragically paradoxical that the re-
sults of that very same technological advance-
ment seem often to have led to gross national
self-indulgence, to have insulated eventually a
relatively few people from the harsh and un-
equivocal facts of life and death that confront
the rest of mankind. And it has been the hun-
gry, the homeless, and the harried who have
been the witnesses, often the agents, of the
downfall and the destruction of empires.
Thus, the fact today of more than a billion
illiterate people must have some meaning for us.
The faet that more than half the peoples of the
world exist on diets significantly below mini-
mum standards for good health must have some
import to our future. The fact that insurance
statistics assign to us 'an average longevity of 65
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years or more as opposed to less than 30 for
substantial portions of the world population
cannot be dismissed as none of our concern.
We dare not ignore historical precedent--not
if we look beyond the period immediately ahead
of us to the next 25 years or beyond. Just con-
sider the nature of the world we live in today.
One part is divided into two hostile armed
camps, the other composed of impotent but
watchful bystanders who expeot to become even-
tually the beneficiaries of the East-West con-
flict, no matter the outcome. The Soviet Union
and Communist China, both of which came into
being out of the desperation of millions of hope-
less, destitute people, are on the march. There
is no doubt about the single-mindedness of their
Objective to aequire in any way expedient as
much as possible of the world's goods and
power. Their assault upon the West will con-
tinue to receive a major impetus from the
clamor of their people for a better life. And
there are many, many sympathetic ears else-
where in the world who are not unmoved or
indifferent to what they hear.
The point is this: I think one of the most
pressing needs of America is the application of
its scientific research and development resources
to the solution of the human problems that
weigh the human balance scale opposite our-
selves, that contain within them the possible
threat of our destruction.
The United States has for many years poured
out tremendous resources to build and strength-
en the economies of nations all over the world
in order to eliminate breeding grounds of com-
munism and to create political stability. Since
1946, we have sent abroad more than $100 bil-
lion in the form of all types of assistance. This
is in addition to the beneficial impaet of ex-
penditures for such joint efforts as UNESCO,
NATO, SEATO, and our own military estab-
lishments. Our dollars and resources have been
the major factor in the rebuilding of Europe
and Japan. We have helped nation after na-
tion, new and old, in every part of the world
to survive the economic, political, and natural
disasters that have occurred since 1945 with
food, teehnieal assistance, and eredit.
American people have, and are right now,
risking their lives and sometimes losing them in
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Asia in order to prevent chaos and to alleviate
human misery. We have many people working
unsung and unknown to bring hope and relief
to millions of people in Asia, Africa, and South
America. Surely, we have sent out technical
advisers of all kinds to teach people how to cope
with their own unique problems of food, cloth-
ing, shelter, and health. We have operating
now the Peace Corps, a bright but relatively
small effort that has achieved promising results.
But as great and as noble as these efforts are,
and as vitally important as they are in counter-
ing the subversion of the communist bloc, they
are primarily corrective, not preventive, meas-
ures. We have sent out our foods, machines,
and some talents. But have we really sent them
the knowledge to attack the basic causes for
their misery ._
Suppose, for instance, we mounted a major
effort to find a mean_s by which malaria could
be as effectively eliminated from Asia, South
America, and Africa as we have eliminated
smallpox or typhoid fever from America.
Think of the human resources, the economic
force, that would be released for effective and
constructive work in those politically unstable
areas.
Suppose that we mobilized our scientific re-
sources to produce insecticides to wipe out per-
manently the locust plagues that annually
threaten millions of people with famine. Would
that not make them less susceptible to the
blandishments of communism ._
Suppose we effectively attacked the problem
of illiteracy by the adaption through research
of communication technologies in which we
already lead the world. Would not the effective-
ness of our program to broadcast the messages of
freedom, the dignity of man, government by law
not men, eventually be magnified many times
over ._
One might say that we are doing these things
now. Yes we are--but in what fashion ._ Rela-
tively, in dribs and drabs. We have not as yet
on a national basis decided--not only for poli-
tical reasons, not only for economic reasons, but
for practical, pressing human reasons---to
mobilize our research to attack these ills.
It is entirely consistent with the history of
our country that the scientific community should
be assigned such a critical and vital role. I
firmly believe that the Biblical promise of the
hundredfold return for bread cast upon the
waters applies equally to nations as well as in-
dividuals.
It has long been acknowledged that our tech-
nological leadership of the Free World is based
on an unmatched ability to translate into prac-
tical terms the results of research. There is no
doubt that this is our special forte. It has been
a unique force in the hands of our people_ It
has been the imprimatur of progress and dy-
namic energy. It has supplied a momentum to
our society that has carried this nation through
vicissitudes that have perverted or destroyed
nations of our times and the past.
Our problem, then, is to maintain that mo-
mentum, to preserve the strength of that unique
force, through those who will come after us.
IL is our taSK to make sure that our scientific
research will continue to serve the needs of the
world. This nation is faced with the never-
ending problem of developing scientific and
technical people of greater and greater com-
petence to meet these challenges.
It is true that the current programs we have
undertaken, best illustrated by our space pro-
gram, are demanding such numbers of well-
trained scientists and engineers that they
threaten to strain our resources" of competent
people. Our urgent need for well-trained scion-
tists, technicians, and engineers has already been
reflected in educational institutions throughout
the country, from the primary grades through
the graduate degree level. Great progress has
been made by educators to establish rigorous
and demanding curriculums in our universities
and secondary schools. We have clearly under-
stood the threat of the Soviet Union to achieve
parity, both economic and military, by increas-
ing manyfold the numbers of scientists, engi-
neers, and technicians available to the Soviet
economy. It is a well-known fact that follow-
ing World War II, the Soviet educational effort
received such concentrated emphasis that, to-
day, Russia is producing two to three times as
many scientists and technicians as we are. And
there is no question that the Soviet Union fully
intends to accelerate further its educational
programs.
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But what kind of scientists or engineers are
the Russian institutions producing? Do these
people match our image, our conception of what
professionally trained people should be--well
developed professionally, intellectually, and
culturally ? I think you will agree that we see
in the average Soviet product of today a very
well-trained individual who has been neglected
in the development of those human qualities
that would permit him the intellectual freedom
to seek out and recognize absolute truth. And
it is truth, and the ability to relate that truth
to human progress, that is the credo of science.
We, in buttressing our defenses against the
onslaught of Soviet technology, must not go the
saane route as have the Russians. We must not
through our competitive instincts and because
of the urgencies of our day, limit or ignore the
need for the philosophical development of our
students.
President Barnaby C. Keeney of Brown Uni-
versity expressed his thoughts quite eloquently
on this. He said:
There is no question but that advancements in sci-
ence and technology have a greater immediate utility in
the international and national situation in which we
exist today. On the other hand, the whole shape of our
lives in the future, and our whole attitude toward
life will be strongly formed by our. achievements or
lack thereof in the arts and humanities.
Former Commissioner of Education, Dr.
Sterling M. McMurrin, concurs with President
Keeney by saying:
The need for superior attainment in the sciences to
guarantee our national security in the face of grave
international crises has long been recognized by most
Americans. There is an equal need for superior attain-
ment on a very broad scale in the arts and humanities
if Americans generally are to gain a full understand-
ing of their rich cultural heritage and a genuine com-
mitment to their ideals of individual freedom and hu-
man dignity. Only with such understanding and such
commitment on the part of all of its citizens will this
nation have the resources in personal and public crea-
tiveness and courage to meet successfully the continu-
ing international struggle between freedom and
tyranny.
We must continue to produce people who have
been well-grounded, who have been trained how
to think, how to use their minds, and how to
apply their talents.
Here we are free from government limita-
tions of career choices, and our graduates from
higher institutions find. their own niche in our
economy. Here individual talents, whether in
the sciences, humanities, or the arts, have the
equal opportunity to become fully developed
and refined.
Their usefulness has been limited only to the
extent to which our economy can utilize them.
Thus, it is extremely heartening to me to realize
that in our national community, characterized
by dignified freedom of choice, we have
achieved the highest levels of scientific and
technological accomplishment in history. And
it has been our educational institutions that have
made a major contribution to that achievement.
I believe we must continue to foster and en-
courage in every way possible the breadth and
depth we try to maintain in our approach to
education. We need and must continue to pro-
duce greater numbers of people of higher scho-
lastic achievement. And they must come from
all the disciplines, not jfist from science and
engineering.
Scientific research is neither good nor evil
by itself. It is the use that men make of it that
dictates the nature of its effect. And it is sel-
dom the scientist who decides what use will be
made of his handiwork. This is in the hands
of others who will dictate whether scientific
achievement is to be a blessing or a curse. It
is the systems under which people work and live
that will enable or pervert technology.
The use men make of science is not governed
by science. It is governed by men's philosophi-
cal and moral judgments. It is repugnant for
me to contemplate a society in which scientists
are cultural paupers. I am repelled by the
thought of responsible men not thoroughly
aware of the power science gives them. The
thought of a system in which science and tech-
nology has been glorified to the point where it
becomes the end objective rather than the means
to a greater and nobler end--the advancement
of human progress--is anathema to me.
The basic integrity of our scientific commu-
nity is an indispensable characteristic of this
nation. It is here that the scientific leaders of
our generation have been able to find the intel-
lectual climate in which to do their best work.
I cite Einstein, Fermi, Seaborg, Von Karman,
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Lawrence, and Teller, to name only a very few.
Thus_ I say our research needs are centered
by circumstance, by logic, and by historical
precedent in the elimination of those human ills
that infect more than half the world's popula-
tion. In all practicality and in all conscience_
we cannot ignore that task if we are not to vio-
late the moral basis upon which this nation was
founded. And we owe to our children, to the
generations to com% the opportunity to assume
responsibility_ such as that we .now shoulder, by
which future challenges to the rights of man
can be courageously and willingly accepted.
Scientific progress in the United States,
whether in government or in industry, will be
the direct reflection of the men and women who
will lead or support it. It will be all of us,
however_ who will be responsible in great meas-
ure as to whether our memory will be blessed
or damned.
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E ALL TAKE IT FOR GRANTED that we have W been living through a scientific and 
technological revolution during the last 20 
years, and references to the New Industrial Rev- 
olution are common. We point to such develop- 
ments as nuclear energy, electronics, jet propul- 
sion, breathtaking advances in applied cheni- 
istry, the new forms of electronic rnechaniza- 
tion that we call automation, the startling 
accomplishments of the new computers and 
data-processing equipment which (among other 
results) are bringing automation to the office, 
and so on. We know that science and technology 
are affecting our everyday lives and the affairs 
of business as ne\-er before. The letters R and 
D have taken on a new significance, and expend- 
itures on research and development-in indus- 
try, government, and prirate nonprofit institn- 
tions-hare mounted astronomically. One 
might. say tcnt the good spaceship “RR-D“ is 
already far out on its way to the moon and to 
destinations even more distant. 
The new role of technology in today‘s world 
has recently been described by Robert Heil- 
broner in the following well-chosen words (ref. 
This extraordinary predominance of technology is 
the decisive characteristic of modern times. The polit- 
ical and ideological agonies of our age a r e  not without 
parallels in  the past. What gives them their “modern” 
character, what distorts their historic comparability, 
is  above all the technological attributes of the situation 
to  which they now apply. The conduct of peace as well 
as war, the most routine flow of the economic process, 
even the intimate details of social existence must cope, 
at every instant, with the magnifying presence of a 
gigantic and dynamic technological foundation for cou- 
temporary life. 
And what is perhaps more chastening is the realiza- 
tion that  me are still only entering upon this age 
of technological predominance. Science-the moving 
force behind technology-is only now emerging from 
it5 infancy: i t  has been said that of all the scientists 
of whom civilization has any knowledge, 90 percent are  
alive today. And industrial technology-the practical 
handmaiden of science-is equally new : half of all the 
research and development expenditures in  the history 
of the United States have been made in the last ten 
years. Hence, the curve of the technological revolu- 
tion continues to rise nearly rertically beneath our feet. 
With each year i t s  impact -on  work and play, on mind 
and body-becomes more unmistakable, more inescap- 
able. 
This new technological world, with its prom- 
ise and portents for the future, is indeed breath- 
taking. However, the purpose of this paper is 
not to peer into the future but to look back at the 
behavior and changing structure of the economy 
during the past 23 years. Let, l i s  look a t  some 
of the major trends that we can discern since 
the end of the 1930‘s. 
-1 good place to begin is with the size and coni- 
position of the Gross National Product, the 
total flow of nex-ly produced goods and services 
purchased by consumers, business, government, 
1) : 
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and the rest of the world. This is the magni-
tude to which even the man in the street now
familiarly refers as the GNP.
As we already know, accelerating technologi-
cal chang_ has not yet led to noticeable accelera-
tion in the growth of total output of the Ameri-
can economy. Indeed, what we have chiefly
heard in this regard in the last few years have
been complaints about slow growth. Table I
provides some perspective on trends in growth
of total output in the American economy during
the past half century.
TABLE L--Average Annual Growth Rates in
GNP, in 1954 Prices, for Selected Periods,
1909-6_
[Growth rates up to 1957 computed by Committee for Economic De-
velopment. Those for periods ending in 1962 computed from data





















In the period since 1939, the average annual
rate of growth was a gratifying 4 percent per
year, considerably higher than during 1909-99
(2.8 percent). But part of this represented
merely putting to work the millions who were
still unemployed in 1939. It is more useful to
take the period 1947-62, which had a growth
rate of 3.5 percent, still significantly higher
than during 1909-29 although not as high as
the 4-percent rate which is sometimes put for-
ward as a goal to which we should aspire.
When we break down the postwar period into
two subperiods divided by the year 1957, we
see why the supposed slow growth of the Amer-
ican economy has become a subject of popular
debate. The growth rate during the last 5
years has been significantly less than during the
first decade after the war, and this deceleration
has been accompanied by considerable excess
capacity in industry and by a distressingly high
average level of unemployment.
It will help us to understand why this deceler-
ation has occurred if we look at the changing
composition of the GNP portrayed in table II.
Something like two-thirds of the GNP normally
goes into goods and services bought by con-
sumers. The fraction fell moderately between
1939 and 1947 and again between 1947 and 1957,
primarily because of the effect of increased per-
sonal income taxes. As table II suggests, con-
sumers' spending has held up relatively well
TABLE II.--Percentage Distribution o/ the Major Components o/ Gross National Product for
Selected Years, 1929-6_
[Each figure represents the percentage that the indicated component was of total GNP in the year indicated. Net exports are not shown. Original
figures, on which these percentages are based, are in 1954prices and were taken from Economic Report of the President, January 1963]
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since 1957. Its share of total GNP has actually
increased moderately.
Table II suggests that there have been some
significant shifts among the major classes of
consumers' expenditures. Spending on con-
sumers' durables has increased in relative im-
portance, as a fraction of GNP and even more
as a share of consumers' expenditures. The
share of GN-P taking the form of consumers'
nondurables has declined significantly.
The share going to services traces out an in-
teresting path. It may come as a surprise to
many that, as a share of total GNP, services
showed a net decline between 1929 and 1947 and
even last year were no greater than in 1929.
We must remember, however, that total con-
sumers' spending is now a smaller share of
G17P than in 1947 or 1929. There has been a
marked rise since 1947 in the proportion of
consumers' spending going into services, and
this fraction is now moderately higher than it
was in 1929.
Turning now to recent trends in private in-
vestment or capital formation, it is through
investment---in new buildings and particularly
new equipment--that technological advances
come to be embodied in new products and new
methods of production. The picture revealed
by table i-I is not altogether an encouraging one.
Private capital formation has, throughout the
postwar period, been a much smaller fraction
of GNP than it was in 1929.1 The great in-
crease in the relative importance of government
since the 1930's has been, to a considerable ex-
tent, at the expense of private investment. This
we accept as a price of national security. What
is more alarming is that the fraction has con-
tinued to slip in recent years. The share of
capital formation in GNP was lower in 1962
1 A troublesome problem arises here. "We are dealing
with figures which have been deflated for price change_
The recorded prices of capital goods have risen much
more than those for consumers' goods, and there is a
considerable body of opinion to the effect that the of-
ficial figures exaggerate the relative rise in the prices
of capital goods, particularly if we take into account
improvements in quality. It may be, therefore, that
the figures in table II, which have been deflated by the
official price indexes, exaggerate the decline in the
share of private capital investment in GNP. (See ref.
9.)
708--399 0--"63-----5
than in 1957, and the share in 1957 was lower
than in 1947.
Table II brings out another disconcerting
fact about recent trends in private investment.
As a share of GNP, it is expenditures on pro-
ducers' durable equipment that have been par-
ticularly sagging in recent years. We may
indeed be in the midst of a New Industrial Revo-
lution, but, if so, it does not yet reveal itself in
a big upsurge of business expenditures on new
equipment. This is, incidentally, one of the
factors (but only one of several) responsible
for the poor performance of the steel industry
in recent years. (Compare Survey of Current
B'usiness, Jan. 1962, pp. 9-13.)
The trends in government expenditures re-
vealed in table II are, in a general way, familiar
to everyone. All levels of government today
absorb almost a fifth of total GN'P, compared
with 10 percent in i929, 16 percent in x_o_, =au
13 percent in 1947. The big relative rise has
been in Federal expenditures. National se-
curity accounts for all of this. As a fraction
of GNP, Federal expenditures on goods and
services other than for national defense were
lower in 1962 than in 1947. Note also that since
1957 there has been a net decline in the ratio of
total Federal spending to GN'P.
The concern of this conference with urban
problems suggests a look at the trend in state
and local expenditures. Although the share of
such expenditures in GNP has risen signifi-
cantly since 1947, the fraction is still very little
above where it stood in 1929. One useful calcu-
lation to make is to compute state and local
expenditures as a share of the GNP after Fed-
eral expenditures are deducted. This figure was
8.7 percent in 1929; it jumped to 10.7 percent
in 1939; it had fallen to 6.8 percent by 1947;
and it has been rising steadily since then until it
is now 9.8 percent, significantly more than in
1929.
Growth r_tes can be observed from a different
point of view. Table III, which presents the
results of some important recent research con-
ducted by the U.S. Department of Commerce,
reveals how fast the different industrial sectors
of the economy have grown during various pe-
riods since 1929. The most rapid rates of
growth since 1947 have been in communications
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TABLE III.--Rates of Grerwth in GNP by Ind_strial Sectors, 19_9-60
[Taken from Survey of Current Busing8, October 1_2, p. 9]
Industrial sector
All industries, total GNP ..................




Wholesale and retail trade .................
Transportation ...........................
Communications and public utilities ........
Finance, insurance, real estate, and services_ __

























































and public utilities and in the service group,
followed by construction, government, and
manufacturing. Retardation since 1957 has
been almost universal; only the service group
has escaped. In the most recent period, manu-
facturing has not been expanding as rapidly as
GNP as a whole. Very recent figures including
1961 in the calculations only reinforce these
generalizations.
These trends in output and spending have
reflected themselves in employment and unem-
ployment.
After World War II, the total labor force
grew somewhat more rapidly than the popula-
tion of working 'age. Labor force participation
rates increased, reflecting particularly .the in-
creased entry of married women into the labor
force. This trend can be observed in table IV,
which indicates that the labor force participa-
tion rate rose from 57.4 percent in 1947 to 58.7
percent in 1957. (The peak rate of 59.3 percent
actually came in 1956.) Since then, however, it
has slowly fallen. The discouragingly high
level of unemployment in the last half dozen
years has led some women and youngsters to
stay at home who might otherwise have looked
for work and has accelerated the movement of
older men out of the labor force. (Increased
schooling and changes in social security and in
private pension plans have also affected partici-
pation rates.) These recent trends led the U.S.
Department of Labor last year to revise down-
ward somewhat its projections of the labor force
to 1975. (See ref. 3.)
TABLE IV.--Labor Force, Employn_ent, and Unemployment, 19_9-6_
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As is generally known, unemployment has
been at a disturbingly high level since the busi-
ness recession of 1957-58. We tend to think of
"full employment" as corresponding to an un-
employment rate of 4 percent. On an annual
basis, unemployment has not been as low as 4
percent since 1953; it was 4.3 percent in 1957.
Since then the annual figure has not fallen be-
low 5.5 percent; it was 5.6 percent in 1962.
Thus_ for at least 5 years the American econ-
omy has been operating at u level considerably
short of full employment. A vigorous debate
still goes on as to the extent to which this unsat-
isfactory performance is due to a deficiency of
aggregate demand and the extent to which it is
due to "structural" difficulties--particularly the
imbalance between the skills and training of
those looking for jobs _nd the skills and train-
ing called for by the considerable number of
vacancies that are availa)ble. Almost certainly_
both sets of factors are at work. There has been_
and is now, a significant deficiency of aggregate
demand--a deficiency which, incidentally_ the
Kennedy Administration hopes to eliminate in
substantial part by its proposed tax-reduction
legislation. (See_ in particular_ the Economic
Report of the President, January 1963.) How-
ever_ it seems fairly clear also that the un-
employment problem has an important "struc-
tural" dimension arising out of the fact that
many of the unemployed do not have the skills
and training, or are not in the right places_
needed to satisfy employers who do have vacan-
cies. These problems will be considered further
after a consideration of the differential trends
that have manifested themselves in production
and productivity in different sectors of the
economy.
With the help of table V_ consider trends in
labor productivity_ first in the economy as a
whole an4 then in different sectors. (By labor
productivity we mean simply output per man-
hour.) During the period following World
War II (1947-61), labor productivity has risen
at a relatively high_ although not unprece-
dented, rate. For the private domestic econ-
omy, excluding government, the rate of increase
has been in the neighborhood of 3 percent_ which
is significantly higher than the average increase
over the last half century. (See refs. 4 to 7.)
As table V suggests_ there seems to have been
some slowing down in the overall rate of pro-
ductivity increase since 1957. There has clearly
been some slackening in the amazingly rapid
increase in agricultural productivity, but the
evidence for the nonagricultural sector is some-
what conflieting_ one set of measures showing
some very slight acceleration and another (not
shown in table) showing some deceleration. The
values in table V suggest very slight acceleration.
The increase in man-hour output in manufactur-
ing seems to have accelerated; that in non-
manufacturing may or may not have done so.
But the shift in demand from the commodity-
producing to the service sector has tended to re-
tard the growth of productivity in the economy
as a whole below what it would have been with-
out such a shift.
When we speak o.f the New Industrial Revolu-
tion, it is naturally industry that we t'nhd_ of_
and that means chiefly manufacturing_ but also
mining_ probably also the public utilities_ and
perhaps some branches of transportation. It
may come as something of a shock_ therefore_
to note from table V that by far the largest in-
creases in productivity in the postwar period
have come in agr/c_t_re, not in industry. We
have truly been experiencing an agricultural
revolution since the 1930's. Since 1947, agri-
cultural output per man-hour has increased at
a rate more than twice that in the nonagricul-
tural sector and also more than twice that in
manufacturing alone. (This differential has
narrowed in the last 5 or 6 years.) The results
of this enormous increase in agricultural pro-
ductivity are well known: large agricultural
surpluses and the "farm problem" on the one
hand_ and a sharp decline in agricultural em-
ployment and an exodus to the cities on the
other.
In the nonagricultural sector, productivity
has tended to rise more rapidly in manufactur-
ing than in nonmanufacturing, although pro-
ductivity in some nonmanufacturing sectors has
also risen very rapidly. More generally, pro-
ductivity has, on the average, risen somewhat
more rapidly in the industries producing goods
than in those producing services. On the other
hand, output has been expanding more rapidly
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TABLF_ V.--Average Annual Percentage Change in Output Per Man-Hour and
En_ployn_ent, 1947-61
[From Manpower Report of the President and A Report on Manpower Requirements, Resources, Utilization, and Training, March 1963,p. 68]
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in the service industries than in the goods-pro-
ducing sector. This combination of contrasting
relative trends in output and in productivity has
had a marked effect on the distribution of avail-
able jobs. There has been a marked shift in
employment away from manufacturing and
mining and toward the service industries. And,
as is well known, there has also been a striking
shift from blue-collar to white-collar jobs.
Some of these trends in the distribution of
employment can be discerned in tables VI and
VII. Table VI shows the marked decline in
the relative importance of manufacturing em-
ployment since 1947, the even more radical de-
cline in mining, and the significant decrease in
transportation and public utilities. (In abso-
lute terms, employment in manufacturing in-
creased by about 1.5 million, or 10 percent, be-
tween 1947 and 1957, but decreased by almost
half a million, or 2.5 percent, during 1957-62.)
The big relative gains in employment have been
in the service industries and in government.
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TABLE VI.--Wage and Salary Workers in Nonagricultural Establishments, 1929-6_
[From Economic Report of the President, January 1963]
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Percentage of total wage and salary workers
Industrial sector




Transportation and public utilities .....
Wholesale and retail trade .............
Finance, insurance, and real estate .....
Service and miscellaneous .............



















































TABLE VII.--Percentage Distribution o/the Working Population by Major Occupation Groups,
19/_0, 1950, and 1960







Professional, technical, and kindred workers ..........
Managers, offieials, and proprietors, excluding farm___
Clerieal and kindred workers .......................
Sales workers .....................................
Manual and service workers ............................
Manual workers ..................................
Craftsmen, foremen, and kindred workers .........
Operatives and kindred workers .................
Laborers, except farm and mine .................
Service workers ...................................
Private household workers .....................
Service workers, except private household ........
Farm workers ........................................
Farmers and farm managers ........................
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Table VII throws some more light on em-
ployment trends in the last 20 years. Here we
can trace the rise and decline of particular oc-
cupations. The most striking change, as we
should expect, is in the increased importance
of white-collar workers--from 31 percent of the
working population in 1940 to 42 percent in
1960. Within the white-collar group, the most
striking increases have been in the professional-
technical and in the clerical categories. As
we have been led to expect, manual workers
have declined in importance, particularly un-
skilled laborers. It is not surprising to note
the growing importance of service workers--
or the relative decline in private household
workers since 1940. The most dramatic set of
figures in table VII are those for farm workers,
who have declined from 17 percent of the work-
ing population in 1940 to a little over 6 percent
in 1960. The number of farmers in the United
States has been reduced by more than 60 per-
cent in the last generation.
One aspect of the impact of recent industrial
trends on the pattern of employment opportuni-
ties is strikingly brought out in table VIII.
During the first postwar decade, when total
nonagricultural employment increased by over
9 million, manufacturing provided about as
many new jobs as did the service industries.
In the decade ending in 1957, all industrial
sectors except mining contributed to the total
increase in employment, although the contribu-
tion was very small in the transportation-public
utilities group.
Contrast this with the situation since 1957.
Government and the service industries alone
accounted for more than the net increase in
wage and salary workers in the economy as a
whole. Or to put it another way, four sectors---
manufacturing, mining, construction, and
transportation and public utilities---experi-
enced an absolute decline in employment that
added up to nearly half the net increase that
occurred in the country as a whole. Or to state
the matter in yet a final way, of the total in-
crease that occurred in the sectors with expand-
ing employment, almost one-third was offset by
the actual decline in employment that occurred
in these four sectors with declining employment.
To understand the situation more fully re-
quires an analysis of the differential incidence
of unemployment. The relevant data for a re-
cent month are shown in table IX. In January
1963, the unemployment rate r q_ot seasonally
adjusted, was 6.6 percent. (The Department
of Labor does not publish current estimates of
TABLE VIII.--Industr/a/ Gomposition of Increases in Numbers of Wage and Salary Workers,
1947-62
[From E_nomi¢ P._partoI thePreaident,January 1963,p. 201]
Industrial sector
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Wholesale and retail trade .................
Finance, insurance, and real estate ..........
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Government (Federal, State, and local) .....
























TWENTY YEARS OF ECONOMIC A/_I) INDUSTRIAL CHANGE 59
all of these detailed breakdowns of the unem-
ployment data on a seasonally adjusted basis.)
Contrast the different impact of the overall sit-
uation on the different groups identified in
table IX.
TABLE IX.--Unemployment Rates By Age, Se_,
Color, and Occupation, January 1963
From U.S. Department of Labor, Mturdhly .Rtpart on the Labor Force,
February 1963]
Uncmlo_m_
Total ...................................... 6. 6
Age and sex:
Male .................................. 6. 6
14 to 24 years ...................... 12. 6
25 years and over ................... 5. 5
Female ................................ 6. 6
14 to 24 years ...................... I0. 6
25 years and over ................... 5. 6
C oior:
White ................................. 5. 9
Nonwhite .............................. 12. 7
Occupation:
Professional, technical, and kindred workers_ 1.9
Farmers and farm managers .............. 1. 1
Managers, officials, and proprietors, except
farm ................................ 1.3
Clerical and kindred workers ............. 4. 0
Sales workers ........................... 5. 7
Craftsmen, foremen, and kindred workers__ • 0
Operatives and kindred workers .......... 9. 0
Private household workers ............... 5. 0
Service workers, except private household_ 6. 8
Farm laborers and foremen .............. I0. 4
Laborers, except farm and mine .......... 17. 8
By age, it is the young who are particularly
hard hit. The unemployment rate among those
14 to 24 was more than double that among their
elders. More serious, the unemployment rate
among the young has been increasing more
rapidly than for the labor force as a whole.
Even more striking is the contrast between
whites and nonwhite_ The unemployment rate
among whites was 5.9 percent. The rate among
nonwhites was more than double this figure--
12.7 percent. This tragic differential prevails
among both men and women. (The differential
also holds for different age groups. Nonwhite
teenagers have one of the highest unemployment
rates of any age-sex-color groutr--no less than
21 percent for boys and 28 percent for girls in
1962. See Manpower Report of the President,
Mar. 1963, p. 43.) A major effort to reduce this
differential is now underway, with both the
Federal Government and a variety of private
groups participating. But conflicting trends
are at work. On the one hand, slow but slightly
accelerating progress is being made in opening
up job opportunities for Negroes and in improv-
ing their education and training. But, on the
other hand, the occupational shifts--from blue-
collar to white-collar jobs and with the increas-
ing emphasis on education and technical train-
ing-militate against any rapid reduction in the
differential unemployment rates for Negroes
lacking the required education and training.
This is apart from the unquestioned racial dis-
crimination in hiring practices that exists in
wide sectors of the economy. The bald fact of
the matter is that the differential in unemploy-
ment rates for whites and Negroes has actually
widened in recent years.
The last part of table IX provides one more
way of looking at the differing incidence of
unemployment. The data presented here pro-
vide additional evidence on recent and current
trends in employment opportunities, as these
trends have been shaped both by changing de-
mands and by technologicaldevelopments.
Consider first the low unemployment rate among
farmers. A farmer, no matter how low his in-
come may be, is obviously employed. Unem-
ployment among farmers operating their own
farms is largely of the "disguised" variety.
Next, contrast the extremely low unemploy-
ment rate in the professional, technical, and
managerial categories with the very high rates
among unskilled laborers. The highest unem-
ployment rate by far, a distressing 17.8 percent,
existed in January 1963 among unskilled
laborers. (Seasonal factors made this rate
higher in January that it would be over the year
as a whole.) The unemployment rate was lower
than average among clerical, sales, and house-
hold workers. It was higher than average
among craftsmen and foremen and operatives.
Unemployment among service workers was close
to the overall average.
Here we can see the New Industrial Revolu-
tion at work. Technological change has been
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eliminating unskilled and semisl_illed and eve_
skilled jobs in manufacturing, mining, trans-
portation, and the utilities. Yet in most of these
sectors, demand has not been expanding rapidly
enough to offset the job displacements that have
resulted from the particular forms that in-
creased productivity has taken. And the men
displaced from unskilled and semiskilled types
of manual work usually do not have the train-
ing--and often not even the minimum basic edu-
cation-needed for the white-collar and techni-
cal jobs that are being created. This is a
problem to which the Nation is increasingly
addressing itself but to which there are no quick
or easy solutions.
One final comment may be made about the
pattern of unemployment that has emerged
from the interaction of too slow a rate of
growth in aggregate demand and the particular
forms which technological developments have
been taking. There has been some tendency for
the average period of unemployment to in-
crease. The average duration of unemploy-
ment was 8.1 weeks in 1953, 10.4 weeks in
1957, 12.8 weeks in 1960, and 14.7 weeks in 1962.
The number unemployed for half a year or more
in 1961 was higher by a considerable margin
than it had been in any previous year since
World War II. Even with moderately im-
proving business conditions, there were more
long-term unemployed in 1962 than in any pre-
vious postwar y_ar except the recession years
of 1958 and 1961. Here is further evidence of
a type of "structural maladjustment" that we
are still struggling to solve. These figures on
the duration of unemployment can be found in
the statistical appendix in the most recent Eco-
nomic Report o/ the President. A detailed
breakdown of the most recent figures can be
found in the latest Monthly Report on the
Labor Force, published by the U.S. Department
of Labor.
Consider briefly some of the recent trends in
research and development evident from the data
of tables X and XI. We need pause only briefly
over the spectacular upward trend in total ex-
penditures on R&D revealed in table X. These
figures suggest that total spending on R&D ap-
proximately trebled in the decade following the
end of the Korean War. As the absolute totals
increase, we naturally should expect some re-
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tardation in the percentage rate of expansion.
Nonetheless, a recent informed forecast pro-
jected R&.D expenditures at the end of the 1960's
at more than $22 billion. (See ref. 7.)
The breakdown of these figures provides con-
siderable room for thought. The fraction of
total R&D financed by the Federal Government
has been steadily expanding. Table X suggests
that in the last few years the Federal Govern-
ment has been supplying something close to
two-thirds of all the money being spent on R&D
in the United States. If we are currently going
through a new scientific and technological rev-
olution, it is rather a socialistic one-=at least
in terms of the source of the money.
Although most of the money is coming from
Washington, most of the actual work on R&D
is taking place in private industry, and pre-
dominantly in very large _irms. Of total R&D
expenditures in 1960-61, approximately three-
quarters occurred in industry, 15 percent in gov-
ernment, and 10 percent in the universities and
other nonprofit institutions.
These figures help to prepare for the bottom
lines of table X. Considerably less than 10 per-
cent of R&D expenditures have been going into
basic research. Or to put it the other way
around, more than 90 percent of R&D spending
has been for applied research and develop-
ment--chiefly development. (Compare Eco-
nomic Report of the President, Jan. 1962,
p. 124.) Of the amounts being spent on basic
research, the Federal Government finances a
significantly smaller share than it does of ap-
plied R&D. A very small fraction of R&D
spending in industry goes for basic research. It
will come as no surprise to note that the univer-
sities (and other nonprofit research organiza-
tions) have been responsible for more than half
of all the basic research being conducted in the
country.
Consider now the data of table XI which lists
separately each of the industrial sectors that
spent $200 million or more on R&D in 1960. It
comes as no surprise to discover that more than
half of total R&D was spent in two industries--
aircraft and electrical. (This, of course, re-
flects the concentration of defense contracts.)
In the former, some 90 percent of the funds
were provided by the Federal Government; in
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TABLE X.--Funds for Research and Devdopment and for Basic Research, 1953-61























































































TABLE XI.--Funds for Performance by Industry/or Research and Development and Basic
Research, 1960
[Prom 8_stical Abstract oItl_ United Sl_a, 19_, p. 543. Values ate prelimtnmT]
Industry
Industrial chemicals .............................
Petroleum refining and extraction .................
Machinery ......................................
Electrical equipment and communication ..........
Motor vehicles and other transportation equipment_ _
Aircraft and parts ..............................
Scientific and mechanical measuring instruments_ _ _
All other industries .............................
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the latter, about two-thirds. In both cases only
a tiny fraction went into basic research.
In sharp contrast stands the petroleum indus-
try. Less than 10 percent of its R&D came from
Federal funds, and it spent a larger fraction on
basic research than any of the other industries
listed. Chemicals, machinery, and transporta-
tion equipment fall into an intermediate posi-
tion with respect to reliance on Federal funds.
Next to petroleum, the heaviest relative em-
phasis on basic research is found in chemicals
(as we should expect).
The major inferences to be drawn from all
of these figures such as contained in tables
X and XI have frequently been commented on
in the literature. Government has been the
chief source of support for research and devel-
opment, and the largest part _)f R&D has been
oriented toward defense and_ more recently_ the
space program.. Until now_ the emphasis has
been on applied research and_ in industry, even
more on relatively simple development expendi-
tures. Reflecting all of these trends, R&D ex-
penditures have been heavily concentrated in a
very few industries. Perhaps most alarming is
the relatively small amount that has been spent
on basic research in the last 15 years. To some
extent, the New Industrial Revolution has been
living on its intellectual capital.
There is some reason to believe that develop-
ments in R&D in the decade ahead will be in
desirable directions: some decline in the extent
to which R&D is oriented to defense needs;
somewhat greater reliance by industry on its
own funds; accelerated expansion of R&D in
sectors in which it has so far been of minor im-
portance; greater emphasis on basic and applied
research and somewhat less on mere product and
process development; accelerated investment in
basic research and_ in this connection_ relatively
more generous support of academic research;
and greater emphasis on disseminating the re-
sults of research resulting from government
support. (See ref. 7_ pp. 355-69.)
Table XII summarizes some of Edward Den-
ison's most important findings regarding the
sources of past and potential future economic
growth in the United States. (See ref. 8_ p.
266.) It should be mentioned that Denison has
ventured onto virtually untrod ground, and his
estimates are by no means universally accepted.
But they are highly suggestive nonetheless.
According to table XII_ of a total growth
rate averaging 2.93 percent during 1929-57_
1.57 percentage points can be ascribed to in-
creased quantity and improved quality of la-
bor; only 0.43 percentage point is ascribable to
growth of the capital stock; and 0.93 percentage
point resulted from increased output per unit
of input--almost entirely from the advance-
ment of knowledge and the economies of scale
resulting from expanding local and national
TABLE XII.--Suggested Allocation of Growth Rate in Real National Income Among the Sources
of Growth, 1909-57, and Projected_ 1960-80
[Derivedfromref.8]
Sources
Real national income ....................
Labor ................................








Percentage points in growth rate
1909-29 1929-57
2. 82 2. 93
1.53 1.57
1. 11 0. 80
0. 35 0. 67
0. 07 0. 10
0. 73 0. 43
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markets. Compared with that during the 20
years before 1929, the contribution of educa-
tion and (presumably) the advancement of
knowledge increased; the contribution result-
ing from growth of employment and capital
declined.
Denison intends these figures, and the inten-
sive research that lies behind them, to point up
an important moral. That is that it is difficult
to accelerate the rate of growth. Thus, despite
the advances he foresees in scientific and tech-
nical knowledge in the generation ahead, he
thinks that this item will contribute only 0.75
of a percentage point to the future growth rate,
compared with 0.58 in the period since 1929.
As his figures suggest, he believes that our ef-
forts at improved education will do little more
than keep constant the contribution that this
factor makes to growth. On the basis of what
he considers to be moderately optimistic as-
sumptions, he projects a growth rate only four-
tenths of a percentage point higher than in the
period 1929-57. This modest acceleration, he
estimates, will come about equally from accel-
erated growth in the labor force and from the
accelerated advance of knowledge, supple-
mented by a small contribution from the growth
of capital--the other sources of accelerated
growth largely offsetting each other.
I think the moral of this story can be put
about as follows: We do live in a dynamic
world, and in a world of apparently accelerat-
ing scientific and technological change. But
in terms of some of the dimensions in which we
are interested, radical change is not so evident.
We may send men to the moon, but we must
still face the old problems of maintaining ag-
gregate demand, of stimulating investment in-
centives in private industry, of adjusting our
heterogeneous labor supply to radical shifts in
the pattern of employment, of insuring that
public investment in education and a broad ar-
my of other forms of social wealth grow at an
appropriate rate and in the most socially
desirable forms.
Our economic system is marked by change---
but also by continuity and inertia. We have
experienced a scientific revolution. We seem to
be in the midst of a technological revolution.
But on the economic and social side, now, as
for a long time in the past, the appropriate
word seems to have been "evolution" and not
infrequently painful evolution, at that.
The invaluable help of Mr. Gunter Wittich
in the preparation of this paper is gratefully
acknowledged.
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DISCUSSION
Sumner Myers: Dr. Gordon, how would you
take into account the lag between the time the
new process or product is discovered and the
time it's adopted _by industry and introduced
into the economy ?
Dr. Gordon: I haven't taken it into account,
except by implication, in this paper. The lag
varies widely by type of innovation and the
sector into which it is introduced. The prob-
lems we had in the last decade can be considered
to be the result of the weighted average of a set
of distributed lags, resulting from a variety of
types of ,technological and other changes occur-
ring since World War II, during the war, or
some even before the war.
Dr. Richard Brenneman: Would you care to
comment on the projection you made about the
increase in Gross National Product in our econ-
omy compared to Western Europe and perhaps
the U.S.S.R.
Dr. Gordon: The Russian rate of growth is
substantially higher than ours and has been for
quite a long while. The rate of growth in vir-
tually every industrialized Western European
country is substantially higher than ours, with
the possible exception of the United Kingdom.
There's some evidence that rates of growth in
Europe have been slowing down in the last
couple of years. They have been slowing down
in Russia.
This is a process of industrializing. It's a
New Industrial Revolution, in a differer_t sense
than the New Industrial Revolution that's pre-
sumably going on in the United States. It's an
industrial revolution which simultaneously bor-
rows heavily from a half century or more of the
past and incorporates that with current new
changes. They have a lot of catching up to do,
and this helps to a considerable extent to ac-
count for the fast rates of growth. In our case
we are coping with the problems that new tech-
nology creates, and as a result of that we have a
rate of growth that reflects potential produc-
tivity in new technological and organizational
developments, discounted 'by our inability to
handle the adjustment problems that have
arisen.
Roberf Ryan: I wonder if another interpreta-
tion can't be drawn from Denison's figures. It
would appear that if increase in output per unit
of input means improved technology, and if you
add to that the educational contribution to this
percentage point addition, it would seem that
education and technological improvement com-
bined are in and of themselves a real source of
economic growth. I didn't get that as your
interpretation of these figures.
Dr. Gordon: They are a real source of growth.
The moral I reported that Denison was trying
to draw is that it takes a great deal to get an
increase of one-tenth percentage point accelera-
tion in growth out of some combination of these
factors. He asks what we would have to do to
have education add one-tenth of a percentage
point to the rate of grow.th. The answer seems
to be: More than the American people are yet
willing to do. We talk about growth being re-
lated functionally to one variable, supply of
labor; another variable, supply of capital; and
a third variable, output of productivity or out-
put per unit of resources. _vVhat we mean by
that third variable is a big question mark. It's
a catchall for all our ignorance, because if pro-
ductivity per unit of factors of production in-
creases, this increase in productivity supposedly
has some source--an increase in knowledge,
organizational improvements, improved quality
of the labor supply, either in an educational, or
some other, sense.
Think of growth occurring in the way that
I suggested--as a result of a growth in the
working population, growth in the capital the
working population has to work with, and then
everything else that determines how productive
the labor and the capital are. Then make a
list of the things which you think contribute
to getting more output per hour of work or per
dollar of capital. We've hidden an awful lot
of ignorance by saying that growth of output
is a result of an addition to the growth of labor
supply and capital supply, and this addition is
due to an advance in knowledge or some other
general term of that sort. Hundreds, or shall I
say thousands, of different elements which we
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haven't fully enumerated yet have contributed
to the fact that we can get more out of our re-
sources today per unit of resources than we could
10, 20, or 40 years ago. And the combination of
those elements that makes us get more out of our
resources has been changing--and changing in
ways we don't fully understand. Have your
scientific and technological revolution, but have
a different base of education, and a different
productivity and growth result.
CongressmanJeffen/Cohelan: In respect to these
data you presented and in particular as they
pertain to structural problems of unemploy-
ment in aggregate demand, what economic tools
should we use to remedy the situation, with
specific reference to tax reform ?
Dr. Gordon: A graduate seminar in economic
policy, made up of some of the brightest grad-
uate students in economics at Berkeley, has been
putting together a document, which now runs
approximately 30 pages, answering this ques-
tion. We hope it will be available very shortly.
Alton Dickieson:Where in these tables does
the output from people that work for the Fed-
eral and State Governments show up ?
Dr. Gordon: There are no separate productiv-
ity measures for government employees because
we have no way of measuring it. In our na-
tional income or gross national product ac-
counts, we use a convention in handling
government expenditures on direct services, that
is payment to a Federal, State, or local em-
ployee. We take the measure of their output to
be simply their wages and salaries. You can-
not increase the productivity of a government
worker, the way the figures come out.
Dr. Samuel Silver: In connection with your
basic research table, I am curious to know the
difference between your definition of research
and development and basic research and also
the format under which the research is set up.
Dr. Gordon: These are official statistics from
the Federal Government, taken from a govern-
ment document. They are in the form in which
they are generally made available. And if
there is real doubt on that question--and I'm
sure there is--then this is a subject for research
within the government department that puts
them together and among the industries that
report the figures. I cannot answer your ques-
tion.
Chairnun: Howard G. Vesper 
President, Stondord Oil Company of California 
Western Operations, Inc. 
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HE CREATION OF THE Of5ce of Science and T Technology is an indication of what has 
been happening to science in the United States. 
This office was created in 1961 to provide a 
formal mechanism for evaluating the scientific 
programs of the various agencies, for studying 
policy, and for informing the Congress and the 
public about the Federal Government's activi- 
ties. It was not needed a decade or two ago; if 
one t m s  the evolution of the Office, or actually 
looks at  the history of the research activity of 
the Federal Government, the reason becomes 
apparent. At  the end of World War 11, the 
R&D activities of the country barely exceeded a 
hundred million dollars a year. I n  the past 
year they amounted to about $15 billion. Our 
annual expenditures now exceed the total ex- 
penditure for science and technology by the 
Federal Government from the beginning of this 
country through World War 11. This gives 
some feeling for the magnitude of our scientific 
enterprise. 
Prior to world War I1 there was a great deal 
of research, particularly basic research, in our 
universities, and a great deal of applied science 
*and engineering, primarily in the industrial 
concerns of the country, though some of t h  de- 
fense laboratories af the Government also did 
development work. During World War 11, we 
learned the great power of organized teams of 
scientists and enginpers on spciz! h s l s  t~ 
bring to bear the best of our abijities, the best 
intellects, and the total scope of available 
howledge. We learned that in this way we 
could overwhelm almost any problem--or SO 
we thought-by organizing and working hard 
enough. We continued after World War I1 
with very extensive military development and 
research programs, and many people had major 
responsibilities for the creation and carrying 
out of those activities. We have had the large 
ballistic missile activity, the aircraft defense 
program, and a growing general research and 
development activity. We are more and more 
taxing the capabilities of the country in support 
of these activities. 
As a matter of fact, during the p e r i d  of the 
fifties'we were living through a military- 
technical revolution but did not recognize it 
until i t  was forced upon our consciousness. The 
development of the thermonuclear bomb magni- 
fied the explosive power of the nuclear fission 
weapon by a factor of a thousand ; the ballistic 
weapon had increased the speed with which 
things moved by at least one order of magni- 
tude; and the computer had replaced the rela- 
tively slow-thinking man with an automatic 
machine that could literally work at the s p d  
of lightning. The country was not adequately 
adjusting to these changes until the shock of 
the Soviet ballistic missile and Sputnik caused 
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a very considerable reorganization, both in the
Defense Department and in the executive office
management of our technical affairs. At that
time, the President asked Dr. James R. Killian
to become his special assistant for science and
technology. He had discovered suddenly that
he had a very large enterprise with which he
was not too familiar and which he felt needed
specialized attention. At the same time, the
Office of Defense Development, Research, and
Engineering was set up in the Office of the Sec-
retary of Defense. These two activities, along
with the President's Science Advisory Com-
mittee and a number of other activities, helped
during the next 2 or 3 years to steer the country
through the missile-space revolution.
By 1961, this task was pretty well accom-
plished. We had successfully developed ballis-
tic missiles and we had the beginning of the
space program. A great many other problems
had been brought about by the tremendous
sweep of science and required attention ; because
of the stabilization in the earlier problems, these
new problems have received much attention in
the Office of Science and Technology. A great
many people in the agencies helped, because in
the activities in our office we have tried to work
through and with the various agencies of the
Government rather than create a very substan-
tial independent organization. There are only
fourteen professional people on my staff. It is
my firm belief that we should try to maintain
a very small staff, for the real problem in the
Government is to get individual agencies to
accept their own responsibilities and to work
together. The primary role of our office should
be that of conductor, to see that problems as
they arise are resolved by group activity to the
extent that this is possible.
I like to think of science and technology and
its impact on our civilization as an extension of
biological evolution. We came to be as we are
through con-long evolution by trial and error,
and we have developed into extremely complex
organisms which will perhaps never be thor-
ougbly understood. But we are made of ma-
terials which have certain limitations. The
speed of conduction of a signal, an electrical
signal, on a nerve fiber is about 300 meters per
second, a factor of a million slower than an
electrical signal travels on a wire. The energy
densities that we can generate in our muscles
are quite limited. The speed with which we can
move about is also restricted. Apparently in
the process of evolution, we have become about
as good a general purpose machine as can be
made, using these rather poor materials that
were available.
However, we have discovered, more or less
inadvertently through the exploration of sci-
ence, that there are ways of augmenting all of
our human facilities. The reason modern civil-
ization is able to provide a larger number of
people with a more than adequate living in-
stead of the situation which existed a few hun-
dred years ago, where several hundred people
would have to labor at subsistence levels in or-
der that one person could live adequately, is that
we have learned to use technological develop-
ments to extend our facilities. We now have
thousands of horsepower available and at the
command of one man. We have computers that
can work in millionths of a second instead of
fractions of a second. We have communications
systems which can send messages around the
world in fractions of a second. We can travel
at speeds that sometimes seem too great. These
things, then, are the tools that we have added
to our biological inheritance to make it possible
for us to cope more effectively with our environ-
ment.
We seem on the verge of being able to over-
power our environment, providing we learn how
to control man himself. We have learned an-
other lesson, one that we could have learned
from the biological evolution process, and that
is: not everything new is good. The problem
we face as a civilization is to avoid using the
process that biological evolution used in select-
ing the specimens that led to modern-day man,
for this was a fairly brutal process in which
millions and millions of individuals perished.
We have today the task of insuring that our
civilization does not perish.
As we go forward, as we use the tools of
science and technology to make a better world
and to obtain the things we want, we have to
learn to be much more thoughtful about the un-
desirable consequences, lest we wake up one day
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and find that we have unleashed some com-
pletely irreversible processes.
In the early period of the exploitation of sci-
entific discoveries, we did not have this problem;
or if we did, it was unrecognized. The major
exploitations of scientific ideas and of inventions
were done by individuals, and their ideas were
accepted or not on the basis of a generalized
vote by society. Society decided it wanted the
automobile, and it bought the automobile. So-
ciety decided it liked the electric lamp, and it
bought the electric lamp. Society did not like
the Stanley Steamer, and it does not exist.
However, we did not know at the time the auto-
mobile was developed that there would be a
smog problem in California. We did not know
when we did experiments in nuclear physics,
that we would have to contend with the atom
bomb. We did not know when we started using
detergents that soon we would be unable to find
any water without detergents. We are faced
now with having to take a second look at the
consequences of many of these things that we
do.
There are a great many scientific problems
which are particularly relevant to urban areas.
One of the most important, surprisingly, is the
problem of organization. That is, how do you
run a town ? How do you run anything? As
the organizations we create grow larger and
more complicated, we need more and more in-
formation for their proper management. We
are learning that social sciences and the appli-
cation of operational analysis, mathematics,
computer techniques, and simulation can do a
great deal to help us make judgments, to bring
us the information that we need, to make mod-
els of experiments that we cannot conduct, and
to _ve us guidance. There is a great need to
accelerate and accentuate our studies in the
behavioral and social sciences, not only for our
urban affairs but for the entire management of
our enterprises--private and public.
There are other serious problems. The pol-
lution and contamination problems have already
been mentioned. The problem of providing ade-
quate water supplies is going to become an in-
creasingly important one. The problems of
noise reduction and elimination become ever
more serious in growing metropolitan areas.
708-399 _6
The problems of privacy will also become im-
portant. Almost every metropolitan area of the
country is arguing about transportation prob-
lems a_d searching for ways to alleviate con-
gestion. Here also are fields in which much
more effective use of simulation, of numerical
analysis, and of economic studies can be made.
What can space research contribute to all of
these developments ? This is a hard question to
answer. First of all, what do you mean by
"space research" ? Or, what do you mean by
"research" ? People lump together a tremen-
dously diverse collection of things today--high-
energy physics, any kind of experimentation,
collecting data so a stock broker can write a
news letter to his customers. But what I mean
by basic research is the attempt to uncover new
data--new information to provide understand-
ing about the physical universe, inanimate and
living. This is done by people who are pri-
marily doing it because they like to do it. On
the other hand, this is not why society supports
research; otherwise, if it was done just for fun,
we would see much more support of music and
of art than exists. Society supports research
because it has learned that on the average a
dollar invested in research will yield very much
greater returns.
The question is frequently asked, "How can
the Congress judge how much research the
country should support?" I really do not know
the answer to that question although I have
thought about it a good deal. I think the
answer is this: Support should be given to all
the basic research--research to add to basic sci-
entific knowledge---that there are good people to
do. Basic research tends to be relatively in-
expensive. When we move on to the area of ap-
plied research, which means trying to find how
we might use the basic knowledge in solving a
problem, I believe that we should be consider-
ably more careful because it is a good deal more
costly. We ought to at least have some expecta-
tion that the problem applied research could
solve is a problem we are interested in solving.
Every day the Government receives many more
proposals for work on interesting projects than
we can possibly fund, or find people to do. I
probably get more mail from people who have
been turned down by NASA, by the Defense
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Department, or by the Atomic Energy Commis-
sion than from any other group. The Govern-
ment could, if resources were available, fund
five times the number of really substantial and
good applied research or development contracts
that it now does. The people in the agencies
making the decisions have to exercise consider-
able selectivity.
Extreme caution should be exercised when
the point of development is reached--that is,
the point at which the applied research activi-
ties are projected to a stage of hardware where
they can be used. It is here that the cost can
go from a million dollar to a ten million dollar
to a bill-ion dollar kind of activity. It is ab-
solutely necessary to be certain that what can
be done is really needed. In the development
of these very large programs, we have come to
a point where we are taxing the citizens' pa-
tience; because the sums are large, we have a
responsibility to be much more careful with the
use of money than our predecessors did a decade
ago when the funds were relatively small. We
are also taxing our manpower resource% and we
are taxing, in some instances, the industrial fa-
cilities. So the structure for coordinating, eval-
uating, and trying to integrate the Federal
activities was required.
Another area for research in our modern
civilization is in the field of education--trying
to make learning more effective by trying to
develop more effective curriculums, by try-
ing to develop teaching machines of various
kinds, by finding ways to use all the various
modern teaching aids. Certainly among the
most troublesome problems we have in all ur-
ban areas are those of adequately staffing our
schools and adequately teaching our children
to live in this modern world. The effort to gen-
erate science curriculums for the high schools
and elementary schools of the country is one
of the most important scientific activities now
going on. It is my hope that these programs
will be good enough so that every student will
obtain an adequate understanding of the pur-
pose, the methods, and some of the substance of
science. These goals may be easier to attain
today than they were 20 or 30 years ago because
we know a great deal more about most areas of
science today than we did 20 years ago.
SCIENCE_ AND URBAN I_FE
We have a much more coherent body of knowl-
edge today, and for that reason it is easier to
teach. Also, a great deal has been learned
about how to teach. In particular, we have
made a discovery--surprising only because it
has taken so long to come--that by using task
forces of specialists in education--in subject
matter, in designing
teaching aids--courses
or in the humanities or
be taught much more
past when one teacher
examinations, and in
in the physical sciences
in the social sciences can
effectively than in the
tried to do everything.
It is surprising that scientists and engineers,
who have employed team effort on so many
projects--for instance, radar--have taken so
long to realize that team effort might pay off
in education as well. NASA is attempting to
assist in this whole educational process, par-
ticularly at the higher educational level, both
by generating additional manpower (in part
to pay back the society for the people it is em-
ploying), and by stimulating efforts of institu-
tions to understand "spillover." Much of the
research and development carried out in con-
nection with the space program can be em-
ployed to advantage in nonspace and non-
military fields. However, application to other
fields will not come without cost or effort. In
other words "spillover" is only there---like an
idea--if appreciated and used. A very deter-
mined, special effort is required on the part of
individuals, the Federal Government, industry,
and the communities to take advantage of many
of these developments.
One of the properties peculiar to the prob-
lems of education, water research, noise elimi-
nation, studies of organization, economic
dynamics, and health is that they are not
activities that can be undertaken easily by in-
dividual initiative. They are not fields in
which a man can start an industry and hope to
obtain great personal rewards quickly. They
are fields in which society has to decide to make
an investment. In recent years we have be-
come increasingly conscious of the need to do
this at the state and the community as well as
the national level. There is concern about the
fact that we are using more and more scientists
and engineers and other skilled workers in
these enterprises. However, it seems to me that
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this is the direction the scientific evolution
must take if we want to avoid the catastrophies
that can come from not understanding these
problems, from not exploiting the socially pro-
ductive, scientific activities. If we want to ob-
tain a "handle" on the unemployment problem,
we must work more aggressively on these
problems.
One of the encouraging trends in our so-
ciety is that the quality of our labor force is
improving with time. Our work force is a
pyramid with the most skilled professionals--
doctors, lawyers, engineers, scientists, teach-
ers--at the top and the unskilled laborers at
the bottom. The greatest shortage is at the top
of the pyramid, and surpluses of manpower
are at the bottom." The country is producing
more---more people are living better--than a
decade ago; and fewer people are involved in
production. More and more of those formerly
needed for semiskilled or unskilled labor in the
past are available to be educated more nearly to
their capabilities, to work more closely to their
ultimate limits in such fields as teaching, basic
research, social work, and management of our
community activities. Thus, we n.ot only have
the opportunity to use science and technology to
deal with these problems, but unless we use that
opportunity, we will fail to solve the basic
problems confronting us.
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HIS DISCUSSION will probaJbly concern the T obstacles more than the opportunities in- 
volved in the transfer of technology among the 
various sectors of the economy ; however, an 
effort is made to examine this issue in a realistic 
way. In many cases, the opportunities are sim- 
ply the reverse of the obstacles. 
There are three major sources for my observa- 
tions: First is the insight we have gained over 
the past 18 years a t  Midwest Research In- 
stitute (MRI) in doing research and develop- 
ment on a contract basis in the physical sciences, 
engineering, and economics for a thousand dif- 
ferent clients. Of these, 200 are government 
agencies and 800 are industrial firms, ranging in 
size from very small to very large. 
The second input is the ASTRA project, in 
which we have been engaged since September 
1962 for NASA in seven Middle West states. 
Briefly, we are engaged in a pilot propain to 
take NA4SA’s scientific and technical findings 
and to translate those into terms useful to in- 
dustry and then to bring about a transfer of this 
knowledge. We have talked to about 3,000 
people, representing some 700 different finns, 
to bring this potentially fruitful information to 
their attention. 
It is not my purpose to go into much detail 
about the various findings we have ascertained 
and passed on, but it may be helpful to give an 
idea of the sort of thing that has been trans- 
ferred. One is a lubrication of various types 
of machines with new types of bearings de- 
veloped for space systems, both air bearings and 
solid-state lubricants. One manufacturer in 
particular has adapted the Marshall Space 
Flight Center air bearing to very heavy inclus- 
tr ial  equipment, and he foresees a considera- 
ble extension in bearing life. I n  another case, 
high-strength ceramics which were initially 
selected by KASA for missile fuel valves have 
been adapted and used for making precision re- 
sistors and have reduced breakage by 25 per- 
cent. New melding techniques evolved by 
NASA are cutting costs for many manufac- 
turers, These techniques range from an eddy 
current crack finder to the simple expedient of 
using refractory tape for weld backup. I n  
another case, metal working techniques, origi- 
nally pioneered for coupling space vehicles, 
n o r  permit both production of coaxial cables 
having a very low characteristic impedance, and 
in another instance, the corrugation of large, 
seamless tanks, making it possible to manufac- 
ture these tanks with much thinner metal. 
The high-reliability soldering techniques de- 
vised by KASA in one particular case have made 
it possible to effect a 40-percent reduction in 
the incidence of failures in oil-well logging 
equipment. I n  two other cases, the use of Echo- 
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type satellite skins for thermal insulation and
for packaging special high-temperature protec-
tive coatings has a large area of interest.
A third input to this activity of ours has
resulted from a survey of graduate schools of
science in 15 universities in the Middle West,
and 16 in the Southeast. This has been done
under the direction of Dr. Thomas Smull of
NASA. The work on applications has been
accomplished under the direction of Louis Fong,
NASA.
A fourth input comes from the fact that in
the past year or so we have worked closely with
some other groups who are concerned with the
transfer of technology and also with the rela-
tionship of R&D to productivity and economic
growth.
I feel that there is a long overdue need for
attention to this matter of technology transfer.
This need is illustrated in scores of ways : inter-
national prestige, balance of payments, growth
of the economy, declining corporate profit mar-
gins, growing international trade competition,
and so on.
Here are some of the facts of life, as I see
them, which intensify the importance of these
issues. By. the year 2000 about half the people
in the world will be Chinese and Russian, and
the U.S. will then have about one-twentieth of
the world's population.
Anyone who follows world developments is
struck by the growing realization on the part of
all countries that their future is strongly de-
pendent upon the advancement and practical
use of science and technology, whether their own
or acquired from outside. An educated popula-
tion will be the first requirement to the progress
of any modern country. The ultimate weapons
will not be military hardware but trained minds.
To p_raphrase a statement William James
made at Stanford early in this century, "The
world.., has now begun to see that the
wealth of a nation consists more than anything
else in the number of superior men that it
harbors."
Assuming that other nations progress indus-
trially as have the U.S. and the Soviets, we may
one d_y bear the same relationship to the
world's economy that Switzerland does today to
Europe--a small nation which has prospered
by its inventiveness and use of technology. The
postwar renaissance of Japan and western
Europe, the fact that they are growing more
rapidly than we are, has been viewed by many
as an economic phenomenon, but it is not that
simple. To say that their progress is due to
postwar recovery begs the question. Their com-
petition with our economy is far from being on
the basis of price alone. It is also based on con-
siderable technical excellence, evidenced, for
example, by new Japanese steel furnaces, paper
mills, electronic equipment, scientific instru-
ments, and optics.
Furthermore, I am told that research and
development, in certain other countries, is much
more fruitful per unit cost than we obtain in the
United States; that in England $2.25 of re-
search is obtained for every dollar that would
have to be expended in this country to produce
the sazne quality and quantity of result.
The total research and development budget of
the United States now exceeds the Gross Na-
tional Product of most nations of the world.
Yet the proliferation of research in the U.S. has
not brought the industrial or economic growth
that has been considered by many an automatic
consequence of R&D. From 1954 through 1960,
this country's R&D expenditures increased from
$5.6 billion to $14 billion, from 1.55 percent of
the GNP to 2.78 percent of GNP. However, for
that same period 1954-1960, our average annual
rate of economic growth was only 3 percent,
down from 3.7 percent for the period 1947-1954.
It is clear that we need a better understanding
of the relationship between the two.
As Peter Drucker says, if we look _t the last
10 years, we find that industry has been really
good at spending research money, but still has
a lot to learn about getting results. The United
States has had 100 years of research experience
to prove the economic value of research expendi-
tures, and it ought to be the most profitable
investment we can make. The fact that this
is not always the case would indicate that we
do not know how to manage research and its
results in order to get economic results.
Nationally, we are facing a crisis in science
and the appropriate use of the technology that
results from it. In part, this may be a result
of the sheer size of the effort following a period
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of very rapid growth. Big science had its
genesis in the early '40's, but the problems as-
sociated with it were masked by the exigencies
of wartime conditions.
The world has been involved in a 300-year
scientific and industrial revolution, and yet there
seems no limit to the exponential growth of
science. One indication is the volume of scien-
tific literature: More of it will be published
in the next decade than has been produced since
the beginning of time. Daily publication of
scientific papers, worldwide, now fills seven sets
of the Encyclopedia Britannica ; yet 75 percent
of the journals in our technical libraries lie
virtually unused. Half of all the references and
citations apply to only 10 percent of all the
journals available. Does this mean that our
progress is rapidly becoming asymptotic ?
The utility of science/technology lies in what
you can do with it to expand regional econo-
mies, corporate profits, government mission
capability--local, state, or federal. We have
generated billions of dollars of potentially use-
ful information, yet somewhere along the line
we are making grossly inadequate use of it.
One reason may be the narrow base of R&D
activity, the concentration in a very few indus-
tries and in a very few geographical areas.
Three hundred firms in the United States do 80
percent of all the privately financed research.
The same 300 firms do 99 percent of all the fed-
erally financed research available from the U.S.
Government. Geographically, expenditures in
R&D are eleven times greater on the West Coast
than they are in the Middle West. NASA has
shown unusual foresight in its emphasis on ex-
panding the scientific base on which its pro-
grams must grow. The space effort is of such
magnitude that new resources--in both uni-
versities and industry--must be developed.
Technology of transfer is not limited to rela-
tions between government and industry or be-
tween the public and private sector. There are
potential transfer points within companies,
within government agencies, between one public
agency and another_ between one group of
scientists and another. There is a tremendous
opportunity for all segments of the economy to
benefit from the Nation's technological and
scientific resources. That we are not benefiting
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fully is clear, I think. What are some of the
reasons ._
I see barriersto the transferof technology
infourmajor areas:(1) withincorporateman-
agement, (2) withinthe scientificcommunity_
(3) inwhat I willcalloutsideor institutional
factors,and (4) withinthe human mind itself.
The firstrelatesto management attitudeor
consideration,the lack of insightof manage-
ment intothe markets requiredforthe results
of research:new products, new processes.
There is also an unwillingness of management
to take risks. Managers in industry want to
show a short term profit_ and many are not
willing to accept new technology _to do anything
which might render existing plant and organi-
"zation obsolete. As our work for NASA has
pointed out_ this is one reason why there is a
much greater interest in new processes_ new ma-
terials, new production t_hniques: which will
require only incremental change, rather than in
new products with the marketing risks and new
plant investments which they so often imply.
Research is an investment, a highly uncertain
one, requiring great management competence
to produce results. Its cost is rising yearly. In
fact, R&D costs are rising relative to other costs
in the economy, yet there is still the widespread
notion that if you just plow enough money in,
results will come pouring out. Knowledge does
not come out of industrial research unless the
knowledge sought is focused on economic need.
Then, too, people who use technology fre-
quently fail to understand the range and utility
of science, resulting in the unrealistic expecta-
tions of the role of R&D in business, the glamour
aspects of science, its overstatement, and over-
expectations. There is the failure on the part of
most management to support the right kind of
research projects. There has also been a tend-
ency to overrely on institutional methods_ The
question is now being asked, "Is the central re-
search laboratory pas_ ._"
The trappings of research are often mistaken
for its essentials. There are still many miscon-
ceptions_ many fuzzy values---the elaborate
research facilities, the large number of Ph. D.'s
sought by industry. As someone said recently,
"A region that complains of having too few
defense contracts is no longer told just to elect
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more Democrats, it is told to spend more money
on research."
Many businessmen either do not want to use
government sources of information or do not
know that they exist--for example, such sources
as the Office of Technical Services, ASTIA,
NASA, and the AEC. This could be due to
several things--an antigovernment bias, or the
tendency to regard the government only as a
source of funds or a purchaser of R&D or hard-
ware. There is little concept in business circles
that government is a fruitful source of tech-
nological information. We need a whole new
psychological framework here. Then there are
other people who know there is much technical
information available from government, but
there is so much of it they hardly know where
to begin. Perhaps the closest most business
comes to benefiting from government R&D is
the realistic group of companies who do R&D
on contract, not so much for profit or for follow-
on production contracts, but because their man-
agement knows they will learn something.
Closely related to the inadequate use of gov-
ernment R&D is the lack of rapport between
industry and universities, thus shutting off a
very logical source of new idea input, plus new
information about technology. Hopefully, con-
ferences of this sort will offset that lack of
rapport in an appreciable way.
Another set of resistance points for tech-
nology transfer lies in the scientist himself.
The Ph. D. who cannot write or communicate
his findings or who has little, if any, economic
understanding or drive is one example. There
is the fact that many businessmen neither un-
derstand nor trust and, in fact, are afraid of
intellectual types. There is the research di-
rector who shields his scientists from commer-
cial pressures. There is the orientation of some
scientists who regard research as a special priv-
ileged way of life and quite remote from the
real world. This orientation is manifest_ in
part by the rapidly growing preference_ espe-
cially among younger scientists, to work on
public problems, as opposexl to those related to
industrial problems and economic growth.
There is the need also for research organiza-
tions to eliminate projects that are not promis-
ing economically and for research people to
work more on problems on which they know
their results will be used.
In the third set of obstacles there are barriers
outside the company many of which are insti-
tutional in nature. An inadequate supply of
real risk or venture capital, tending to invite
government participation, is one such issue. In
spite of their notable successes, financial firms
like American Research and Development or
Draper, Gaither, and Anderson are exceedingly
rare.
It is hard for a company to keep up with
technology on a wide basis, especially if the
company is small. The mass of information is
beyond the assimilation capacity of most firms.
New product life is quite short, especially in
consumer goods, a situation intensified by for-
eign competition. This increases the need for
quick payout and ultimately the cost of corp-
orate research.
There is a resistance to using new technol-
ogy-old-fashioned building codes being one
example. The resistance of labor to automa-
tion is another classic case. Or the useful
transfer of technology can be impeded by sup-
pliers on the one hand and customers on the
other.
Another aspect of the lack of university-in-
dustry rapport is the unwillingness sometimes
seen in university people--in both the hard and
soft sciences--to relate their research or aca-
demic programs to the needs of industry. In
many parts of the country, the geographic sep-
aration of industry and universities serves as an
effective barrier to their getting together at all.
There are obstacles brought about by govern-
ment activities. Seventy-five percent of all of
the research people in the U.S. are funded by
the Federal Government and are working on
problems of a public nature. Many feel that
this attracts the best people and that there is
an inadequate supply and quality of researchers
for private use. This is reputed also to be the
cause of scientific salary inflation.
The government dissemination of new tech-
nology in.formation is sometimes ineffective be-
cause the generating agency is mission-oriented,
with little, if any, recognition on the part of
people who generate information that transfer
can or must occur. Both NASA and AEC
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have made great strides in providing means for
facilitating transfer, but to most people gen-
erating the information, transfer will always be
a secondary assignment, one they will normally
concern themselves with only incidentally.
Security classification is a major problem in
all military programs, where the bulk of the
government R&D dollar is going, and the fact
that defense and space research are concentrated
in a very few industries means that widespread
exposure to this Source of technology is very
small or indirect indeed, in a sense a form of
unintended security.
The Nation's patent policies may well no
longer provide the incentive for innovation that
they once did, when the inventor and entre-
preneur were usually incorporated in the same
person.
The fourth obstacle to transfer has to do with
ple in the population today or the spectrum
of required knowledge is so wide that many
technically trained people do not want to take
risks of the sort that technology transfer
involves, tending to look more to security and
certainty of a career than they formerly did.
Creativity has usually been thought of as essen-
tially an individual endeavor, but the structure
of the American society has moved in such a way
that most things--both economic and social--
are accomplished in groups.
Yet despite this, there are companies that
have been able to make money by doing research
and transferring technology, but invariably
they are either very large ones which have suc-
cessfully overcome the compartmentation be-
tween the generators and users of technology, or
they have been small firms managed by people
who are both inventors and entrepreneurs. Ex-
amples would be the Varian brothers, William
Hewlett, David Packard, Edwin Land of Pola-
roid, Dick Morse of National Research. This
is the kind of man we need more of in univer-
sities, research institutes, and industry.
These four obstacles have been largely in the
industry-Federal Government context. Many
of my observations are equally applicable to
state and local government and their relation-
ship to industry and to other public bodies. For
example, in the areas of air and water pollu-
tion, the application of computer systems to
crime prevention and detection, civil engineer-
ing, and transportation, it is clear that transfer
benefits have been few in spite of what appears
to be a wealth of opportunity.
Now, what are some of the opportunities,
what are some of the techniques available to
make transfer more productive, a more vital
process ?
We have learned some things from our NASA
experience that lead me to make some sugges-
tions. First, before we can prescribe any long-
or short-term improvement in transferring tech-
nology we must have a greater understanding
of the relationship between the groups that pro-
duce it and those that use it. The effort must
be organized to include three steps---to identify,
to document, and to make available knowledge
about innovations that have industrial signifi-
Transfer of technology must be planned, yet
the very words "fallout" and "spillover" imply
accident. Transfer needs to be a purposefully
pursued activity. It is really, in its essentials,
a two-way technical intelligence service.
Transfer must be related to expectations; only
very rarely does transfer just happen. We
can expect very few direct transfers like the jet
engine. It is important to recall that even
in this classic example, some 12 or 15 years
elapsed between the appearance of the first jet
aircraft in World War II and the first trans-
atlantic jet flight. The mere fact that an in-
novation is made does not assure its rapid use;
the diesel and many other examples also attest
to this. It is only one of several factors, even
though it is the key.
Most transfer will not occur in this "quan-
tum" sense anyway. Like most things, the de-
velopmen t is likely to be evolutionary, signifi-
cant improvements in the state of the art, dis-
coveries which will require a good deal of de-
velopment to reach practical application.
There is nothing magic or automatic about
the transfer of teclmology. The technology re-
sulting from major R&D efforts of those out-
side a particular laboratory--whether the U.S.
Government or private industry--simply repre-
sents another source of knowledge. The fact
that many industrial firms take on government
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research when they do not expect to earn a
profit strongly suggests that they are expecting
some transfer benefits. A firm like Texas In-
struments could be said to have benefited greatly
from the transfer of technology from Bell Labs
and its licensing arrangements. But the point
is that it did not benefit until it made significant
inputs of its own as well.
Our experiences at MRI, however, strongly
suggest that the necessary transfer impedance
match is more likely to be made by the trans-
ferrer than by the recipient unless the latter has
highly developed entrepreneurial skills. The
likelihood of that match is greatly increased
when the transfer involves a new technique, a
new material, or a new process which does not
radically affect the recipier_t's existing _business.
The effectiveness of transfer is virtually unre-
lated to size of firm .as such. The conceptual
problem is a major one--only a small number of
firms are accustomed to looking to nonrelated
outside sources of information, beyond their
suppliers, their competitors, or their customers.
Industry, small or large, is prepared neither to
receive nor to act on "fallout." The generating
agencies are not oriented to produce it.
One essential step can be taken toward stimu-
lating technical transfers: Identify and docu-
ment the innovations as they occur. NASA is
recognizing this opportunity in its own indus-
trial applications program. We ought not to go
on reinventing to satisfy our needs when the
advanced technical means are even now avail-
able in another sector of the economy.
There are both short- and long-term oppor-
tunities in bringing about more effective tech-
nology transfer in this country. The short-term
aspect has to deal with present people, present
institutions, and present customs. The long
term involves new people, new ways of doing
things. These we will have to wait for bu t can
prepare for now.
There is hope expressed in some quarters that
the university can fulfill this transfer role, be-
cause of its wide interdisciplinary competence.
It is the major institution which can hopefully
understand the significance of basic science and
i_ts potential for technology. However, univer-
sities may need to add an entire new dimension
of attitude to their activities.
Perhaps even new institutions are required to
cope with big science and its relationship to
economic growth. After all, most universities
are still structured just as they were 100 or 200
years ago, but now need to cope with problems
of very different scope and magnitude. In the
beginning this probably cannot be done on an
institutional basis. It may require man-to-man
arrangements--development of mutual compe-
tence and respect. Results can be fruitful, but
both business and universities can have a major
role in developing working relationships.
It is a new relationship for many universi-
ties--a new point of view--looking outward to
the region it serves as well as to customary edu-
cational responsibilities. It has been noted that
the university needs to serve as the middleman
in the transfer process. NASA has recently
awarded a grant to the University of Indiana
under which that university will find effective
ways of identifying and-disseminating infor-
mation from the space program which has
applications in private industry.
In another sense, the transfer role may be
played also by the individual who combines both
the inventor and the entrepreneur in one mind.
This approach has been used by NASA in a cor-
porate sense in assigning seven research insti-
tutes the task of evaluating over 400 potentially
useful applications from the space program.
With their wide range of technical com-
petence and knowledge of industry problems,
these institutes have long operated at a critical
transfer point between scientific information
and its industrial application.
Those who generate and use technology are
currently overwhelmed by numbers and quan-
tity, and yet what really counts in the informa-
tion retrieval approach using computar systems
is the relevance of the information going into
and out of the computer. We must realize that
there is a very rapid asymptote, a sense of
diminishing returns--that our transfer concepts
do not always require complete knowledge about
a subject.
There is talk about an extension program for
industry, analogous to the agricultural exten-
sion service. It may have to be very carefully
structured to be successful. The agricultural
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equivalent worked beautifully years ago--and
still does--because a farmer could tell within
a year or so whether the advice he received bore
fruit or grain. In a highly competitive indus-
trial situation, such significant results will be
more difficult to demonstrate clearly in such
short periods.
There may be a need for the technical man 10
to 15 years out of school who has some proven
entrepreneurial ability to be reeducated in his
field to emphasize this aspect. The emphasis is
now on producing Ph. D.'s most of whom have
and are taught no entrepreneurial skills. The
medical profession has taken advantage of en-
trepreneurial training and some businessmen
too, with refresher courses at graduate business
schools. Most scientists do nothing to broaden
their spectrum but go to scientific meetings and
thus compo,,_u_d the problem. It is significant
that the Varians, Edwin Land, Richard Morse,
and others had university access continuously to
go with their entrepreneurial ability. The
source of much new technology was close at
hand and natural channels of communication
available.
The objective of most undergraduate work is
improvement of the individual. We need an-
other form of impedance match to join the real
world with the academic system. Other profes-
sions--law, medicine--recognize the impor-
tance of this match. There is no school granting
an M.D. degree that is not affiliated with a
hospital. However, academic people in the
sciences and technology have not yet attempted
this impedance match. In school, students solve
problems in what might be called make-believe
circumstances. We need internships, particu-
larly in engineering where invention and tech-
nical ilmovation are required to such an extent.
I am informed that Yale is experimenting with
a method to provide clinical experience to engi-
neers before granting the doctor's degree.
There may be a new use for the sabbatical
year by people who generate knowledge as a
career. They should also have to transfer
knowledge as well. They ought to work at the
transfer points of knowledge on occasion and
not solely at the generating point_ There is a
transportation analogy to the choke point.
What are the critical transfer points ? I tend
to think that they are in the area of the applica-
tion of knowledge. Perhaps some scientists
should take a year off from new approaches, new
research, new theories---no new h_puts.
There is more scientific and technical informa-
tion available now, almost for the asking, than
will ever be used. The rate at which it is com-
pounding is still doubling every decade. If we
do not learn how to bring about transfer now,
it will soon be too late.
The great challenge is how to manage the
transfer of useful information generated by
scientists and engineers and to relate this to both
public and private economic growth. This will
be accomplished only by a mutually purposeful,
continuous effort among research scientists,
business leaders, the management of univer-
sities, and government officials at all levels.
DISCUSSION
Ques}ion: Dr. Kimball, you mentioned Edwin
Land, the Varian brothers, and Dick Morse.
All of these men successfully protected them-
selves by a very strong patent position and a
Chinese wall of lack of transfer. Would you
comment on this _.
Dr. Kimball: They had to do the transfer be-
fore they got the patent. That might have been
a consequence of the transfer, rather than the
cause of it. I think that's my view.
Quesfion: I'd like to raise the question:
Didn't they ever break out of that Chinese wall
or expand it into larger territory _.
Dr. Kimball: A number of satellite people and
companies came out of that relationship.
James E. Webb: We have in the NASA pro-
gram simply taken advantage of the fact that
we are required to expand resources for doing
research, and we set the policy of trying to do
as much as possible in universities. Therefore,
where we are expanding and providing facilities
and money, we are asking the university to do
two things: First, to try to apply all of its dis-
ciplines and skills which it considers applicable
to the problems at hand, rather than simply
put them off with one group who are the most
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logical people to work on this problem, whether
physicists or mathematicians. We want them
to look consciously at whether there are other re-
sources in the university that could make a con-
tribution to the work we are financing on con-
tract. The second thing we ask the university
is to try to study the question of what additional
uses can be made of the information which we
are having them provide for our own uses. This
means that they will be organizing teams to look
at their own production and what they know of
what others are producing, with the idea of
deliberately trying to plan some transfer--or at
least to try to understand whether it is appli-
cable.
What will come from this, no one can say, but
there are eight universities that have agreed to
do this. It seems to me that one out of eight
may find a new meaning.
Dr. Samuel Silver: I do not intend to argue
with Dr. Kimball's point of view, because most
of these are problems that have arisen at the
University of California and have engaged our
attention. This applies particularly to those
of us who are in the College of Engineering and
who feel very strongly that in an engineering
college you have some relevance to the outside
and to this so-called transfer problem and de-
velopment of the economy. However, the thing
that does concern me about Dr. Kimball's re-
marks about the university is the extrapolation
that many may make from these remarks. I find
the university is very much like a congregation
and a rabbi or minister. Every member seems
to know exactly what the minister ought to
do, except that he wants to be sure that it
doesn't involve him in any way.
The thing I am very much concerned about
here is that in an attempt to utilize the univer-
sity for this developmenb--and certainly there
must develop an understanding and relationship
between the university and the outside---one
loses sight of the purposes of the university,
and the many facets of its activities. As an
illustration--we have suddenly become very
conscious of the student, in the sense that the
student has to be literally nursed and fed. We
have to take care of almost all of his intellectual
hygienic processes. This has become such a
serious problem that we have a developing ac-
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tivity in the country to try to deal with so-called
engineering education. We are developing in
the engineering colleges now what T feel is as
much a disease and danger as the person who
forgets the student entirely. We are develop-
ing professional educators, and this is now be-
coming an overriding problem.
We have to face up to this problem in its total
relationship to the university and the commu-
nity. What do you really expect out of the peo-
ple in the. university ? If you expect them to
become nursemaids for the students, then they
cannot devote themselves at the same time to
any kind of effective relationship with the com-
munity that involves things of the order of mag-
nitude that we're talking about here today.
The same thing applies to research--the ques-
tion of what are the purposes of research. Dr.
Kimball combined into a hyphenated type of
statement the scientist and engineer, and laid at
the door of both of these a certain responsibility
to transfer knowledge to the outside.
I think that one also has to realize that there's
a reason for living which has to transcend some
of these other problems. Why should people
conduct research ? And if we try to develop an
overriding point of view to everybody in the
university, or, in effect, anywhere, even in in-
dustry, and if the overriding demand has to be
that the individual serve the community or serve
the industry or serve the government--we will
destroy the basic motivation of creativity. In
fact, we destroy the individual.
This is one of the things that concerns me in
the patterns that are developing in the United
States today. Dr. Kimball brought up the ques-
tion of creativity and put to us two possibilities.
One is that there are fewer creative people
around, and the second one is that they perhaps
destroy their creativity in trying to secure for
themselves a career. I don't believe that there
are fewer creative people around. Given any
generation, there is a certain potentiality for
genius to emerge. However, a genius emerges
in a given generation in terms of thought--if
his own cultural situation is such as to promote
it. A genius can die on the vine if he is in a
cultural situation which does not allow his par-
ticular element of genius to flower.
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Consider the humanities--I think that the
worst thing that could happen to the humani-
ties today, in fact_ the worst thing that could
happen to the United States from my point of
view_ would be a government agency set up
with the purposeful objective of supplying
government funds to support the humanities.
Now, don't misunderstand. In no way do I
feel that the humanities have to exist on starva-
tion, that the greatest literature comes from the
garret_ or that the greatest creativity is based
on an empy stomach. However, we have to
analyze--and I think this is something that
should follow this conference, because it relates
to other aspects of the urban problem--we have
to analyze our method of supporting research
out of government funds, whether these are
from Federal government, State government_
or city government. The methodology of
support of research in this country--which is
very much conditioned by our Congressional
system, by our whole legal and political sys-
tem-is one which immediately exercises a cer-
tain direction to the research.
This isn't in any way the fault of the people
who give out the funds. It isn't that anybody
comes to me and says, "You have to work on
this problem or that problem." But the point
is we have a concept of government, a concept
of budgets. Our budgets are set up on a 1-year
basis out of Congress, and Congress must main-
tain control of this budget from year to year.
This in turn is mixed up with the fact each
congressman has an election on his hands every
year--either he is getting elected or his ward
heeler is getting elected or the president is get-
ting elected. Each year he's concerned with a
political problem. This begins to interact with
the exercise and control of money. We have
no mechanism here for setting up a system
where money is transferred to a unit and then
this unit can operate free from the political
implications that go with it.
The point I want to make is that one of the
things we must study very carefully for the fu-
ture is how the university must be dealt with
in relationship to these problems.
Question: I wanted to ask Dr. Kimball if he
could comment on what I believe is an out-
standing example of transfer_ and that is the
transfer of semiconductor work which was done
at Bell Laboratories--the transfer was made in
so rapid a time to the rest of the economy.
Dr. Kimball: I think one reason was that it
was so very purposeful. I'd be the least well
informed person to describe that because there
are two or three Bell System executives here,
and you might get their ideas.
Dr. Robert Solo: Bell Labs._ uniquely in this
case, made a concerted effort. It did have to
release all its patents from the antitrust pres-
sure. But it did more. It organized a seminar,
extending about 2 weeks, and invited all people
that it thought interested_ who paid $25000 ad-
vance royalty. For this seminar it prepared
two texts, which came to be known as "Mother
Bell's Cookbook." Bell spent at least 2 weeks
working with people who had paid money to
learn, and it took them into their laboratories.
It was a living example of just what Dr. Kim-
ball is saying--that transference requires an
effort, a system. It doesn't just happen. It
requires somebody fighting to do it.
Dr. J. Herbert Holloman: In this particular
transfer, the most significant point is that Bill
Shockley knew precisely what he was trying to
do. What was it he knew ? The people at Bell
knew the general objective of substituting a
solid-state device for a vacuum-tube compo-
nent. They knew clearly in advance that, if
successful, there was a market. They had made
initial arrangements for the means by which
the device would be manufactured to reach the
market, that is, working with Western Electric,
connected closely with Bell Telephone Labora-
tories.
It's true and also untrue that the patent li-
censing system forced Bell, because Bell al-
ready had cross-licensing applications for the
Bell development in other than the communi-
cations field. Westinghouse, RCA, and Gen-
eral Electric, for example, all had cross-licens-
ing agreements with respect to the transistor.
I think an important aspect of this is that
Bell--recognizing the way technical develop-
ments do in fact take place and that the accepta-
bility of the transistor, even in the Bell System_
would depend on its acceptability by society as
a whole---encouraged these other companies to
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be entrepreneurs, to exploit the Bell process. I
think that this does, in fact, emphasize that
scientific and technical entrepreneurship, repre-
sented by the fellow who knows something
about the resources and science on the one hand
and the application and requirements of the
customer on the other, is a critical element in
the process.
Dr. Solo: I think there's a difference here be-
tween successful research--that is_ research that
is organized from basic science into a practical
application--and the transference of this from
a company to a larger industrial sphere. What
I was talking about was the transference of a
created know-how into the semiconductor in-
dustry at large.
BenjaminLinsky: One of the classic examples
of the problem that Dr. Kimball has been de-
scribing is in the field of storage and retrieval
of nonquantitative information, the method of
cross coordinate index system which ASTIA
now uses. It was first developed in the early
forties, I think, by the Air Corps, and is only
now beginning to reach the humanities; it is
still not known and not used by most of the in-
dustrial organizations with research groups;
and it is resisted by the Special Librarians As-
sociation. Even the Communications and Sym-
bols Systems group, the International Society
of General Semantics, is just beginning to
establish a library based on that principle. The
dissemination of this marvelous tool has been u
classic example of lack of foresight, lack of
implementation, and lack of organization.
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E LIVE IX A WORLD in which the national W security and the weapons upon which it 
depends, the national prestige involved in the 
race to  explore space, the social environment in 
which men have the opportunity to work and 
express themselves, personal health, and the 
health of the national economy all depend upon 
technical resources and their effective use by our 
people, by our industry, and by the agencies of 
our government. 
The influence of the United States and the 
power of the national gorernme2t depend fun- 
damentdly on our wealth and the well being of 
the national economy. Were we poor we would 
not be able to afford the weapons that determine 
our security, nor launch the vehicles to explore 
space, nor spend the enormous sums required to  
secure the health and welfare of our people and 
our free institutions. A necessary condition for 
the steady growth of the power and influence of 
the United States and for the western world to 
insure the spread of freedom is the well b i g  of 
our national economy. The growth of the econ- 
GEJ' m d  the. inciva4ng output of goods and 
services on which all the rest of our security 
depends depend critically on the general avail- 
ability and the general and effective use of tech- 
nical resources. N o  longer are we so dependent 
upon natural resources or upon a limited supply 
of labor; rather, we depend upon our ability to 
develop, to use, and to in\-& in technical re- 
sources. The wealth of America, our ability to 
grow, our economy, our ability to provide a 
more satisfactory urban life, our ability to com- 
pete in foreign markets, all depend upon the 
effective use which we make of these crucial 
technical resources. 
The activities that insure our national se- 
curity and those that determine the prestige 
which may come to us from space exploration 
use the same kinds of technical people and the 
same basic science necessary for the p d h  of 
the economy. The activities that aim to fulfill 
these national purposes compete for the same 
resources, and the outcome of this competition 
determines the health of our society. 
This brief discussion mncerns the relationship 
between technical resources and the growth of 
our economy. Improvements in the economy 
depend fundamentally upon improvements 
productivity. Without improvements in the 
output of labor and of capital, the national in- 
come would not rise, and we could not increase 
the purchase of goods and services to enrich 
our lives. 
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Many do not realize that the spread and use
of new products _nd services are limited by im-
provements of productivity and the resultant
higher income and not by the lack of new con-
cepts or inventions. The spread in the use of the
automobile and the resultant great influence on
America waited for the advent of enough people
to be wealthy enough to afford automobiles in-
stead of horses. Compare the use of automo-
biles in the United States with that in the
Netherlands. A decade or so ago, the Nether-
lands was a bicycle .society, not because the
Netherlanders--having many sophisticated
technical people--could not invent, manufac-
ture, and distribute automobiles, but because the
people in the Netherlands simply did not yet
have the income to dispose for the purchase of
automobile transportation.
More often than not, an invention awaits
the development of a market_ awaits the emer-
gence of people with money to buy the results
of the invention. Many decry that there is a
long lag between the invention and the utiliza-
tion of a given invention by society. This lag
will always be present. It would be sheer coin-
cidence that the technical ability to achieve a
given result occurred simultaneously with the
need for that result by the society. Thus, the
introduction of new technolo_o T for the economy
is different from that for military and space
purposes, both of which are limited by our
physical capabilities. The jet engine was not
used by the aviation industry of the United
States or of any country in the world in the
1920's and 1930's, not because of the backward-
ness of industry, but simply because the jet en-
gine did not provide sufficient benefit to justify
the cost of its introduction into the aviation
industry of the United States.
The increased ability of society to provide the
means to purchase appliances, to purchase rec-
reation, to purchase education, to purchase med-
ical care depends upon a growing improvement
in the income level and the productivity of our
society.
During the last 50 or 60 years, agriculture
has shown the greatest improvement in pro-
ductivity. Even in recent years--in the last 10
years, as Professor Gordon so forcefully pointed
out---the improvements in agricultural output
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have been far greater than the improvements
in the productivity of American manufacturing
workers, and the improvement in the services
sector of oui" economy has hardly kept pace
with the growth of the population. In 1950,
one farmer produced food for 13 persons; in
1961, one farmer produced food for 27 others.
This improvement in productivity was basic to
the transformation from a rural to an urban
society.
It is illuminating to compare the improve-
ment of the U.S. economy with that of other
nations, recognizing that enjoying as we do the
highest standard of living of any nation in the
world, we must be careful in comparing our
rates of growth with those of other countries.
During the last decade, the improvement in
output (as measured by GNP) per worker or
output per capital input of the United States
has been less than that of any other major in-
dustrialized nation of the world, with the ex-
ception of Canada and the United Kingdom.
The increase in the standard of living ("stand-
ard of living" as used herein means its gen-
erally accepted numerical measure, the improve-
ment in the gross national product per unit of
population) of the United States has been less
than any other nation of the world with the
exception of Canada.
As productivity is improved and new prod-
ucts and services are developed, the technical
resources used to supply the demand become
more and more sophisticated. Reeducation of
the workers displaced from lower skilled jobs
is required to make them available and able
to work at the higher skills. Not only have we
lagged in the introduction of new technology in
the last decade but even with the slowed rate,
we underinvested in the education and retrain-
ing necessary to balance employment and to take
advantage of the improvements in the produc-
tivity of our plants.
Imagine that somehow or other today we edu-
cated 2 million unemployed people to be nurses,
doctors, computer programers, college physics
teachers, high school physics teachers, lawyers,
scientists, and engineers. Could most of them
be employed, even today ? Clearly this part of
the unemployment problem is a result of the
lack of investment in the education that the con-
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stant improvements in productivity require and
which are necessary if we are to enjoy the fruits
of new technology.
With the improved productivity and with an
adequately retrained and educated work force to
do the higher skilled jobs, it is possible to pro-
vide, continually, new products and services to
enrich our lives--adequate houses, television
with color, travel, books, or whatever cultural
and recreational things we wish to enjoy.
The growth in the economy--and the im-
provement in the output of our society--requires
both the knowledge of what the customer is will-
ing to buy and of the needs of society and the
knowledge of the resources that are available in
order to meet the requirements of the customer
at a price. Today the limitations to providing
the goods and services for our society through
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basic research but, rather, the willingness add
the ability of the consumer to pay for the prod-
uct, the people who are able to translate that
demand into useful products, and the business
managers who understand this process. It is
not very useful to provide the new knowledge
and techniques without the incentive and will to
put them to use, or if the customer is unable
or unwilling to expand his purchases. Today
there is insufficient demand by the consumer
and by the businessman for the products and
services that the economy can provide. We can
build plants that can produce more goods and
services than we can now consume_ or are will-
ing to purchase. There is an enormous amount
of technical information now available which
we _annot put to use because we do lint have
the people, the tools, the techniques, or the
opportunity to do so.
We must take steps to increase consumer de-
mand. One way to do so is to reduce income
taxes, both corporate and individual_ to stimu-
late demand and the economy. Secondly, we
must increase our ability to use technical in-
formation; to be able to put the results of re-
search to work; to be able to utilize more effec-
tively the advances that come not only from our
space and military efforts but from the results of
the efforts of the Europeans, the Japanese, and
the Soviets, all of whom are advancing their
economies at a rate equal to or superior to our
own. To do so requires that there be people who
are knowledgeable of the needs of the market;
that there be an environment in which entre-
preneurs--risk takers--can obtain adequate re-
wards; that technical resources are available
throughout the whole of the country and not
concentrated in certain areas, certain industries,
or certain firms. Further, we must recognize
that the market which United States industry
serves is not wholly domestic. We now must
compete for foreign markets and improve our
competitive position abroad if we are to con-
tinue to grow economically and to solve one of
the most difficult and complicated national ques-
tions--the imbalance of foreign payments. But
we must also insure a broad market at home
as well as abroad. If we have restrictive codes,
restrictive standards, then we are not able to
sell our goods in as many re_ens of the world
or of the country as would be possible without
them. In the building and construction indus-
try, for example, inadequate, archaic codes pro-
hibit the acceptance of new technology and the
benefits of lower costs and of living comforts
that would come from it. We should examine
the costs and possible benefits of the adoption
of the metric system. Adoption may help us to
be better able to invade the markets of the world,
so that American goods can be compatible with
the standards which most of the world uses.
What are now the needs of customers _. What
are they willing to pay for ? What does society
want ? I think the single most important fac-
tor affecting the changing needs is that there
now are more people in the service industries
in the United States than in manufacturing
and agriculture combined; that we are buying
new services and relatively less food and fewer
goods. The services are largely those associated
with an urban life--educatioi_ medical treat-
ment, recreation--the new things that a growing
urban society requires.
With so many evident new needs and with
such a vast reservoir of scientific and technical
knowledge, the important problem is the one
referredto as "transfer,"or "transition,"or
"how to utilizeknowledge?_ The use of this
scientific knowledge to provide the conceptions
and the designs of goods and services to meet
the needs of a society is simply "engineering."
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Engineering, which takes the technical and
physical resources and combines them into de-
signs to meet the requirements of the market-
place, is a subject which is no longer taught in
most of our institutions in America. Our en-
gineering schools have largely become schools
of science, and people interested in the art of
utilizing information for the purposes of our
time and in the immediately practical needs of
the community or of the country are often
looked down upon by those who am interested
in the sciences and by those in most of our uni-
versities and colleges.
There are graduate schools for engineering
research, but hardly any graduate schools where
a person can learn even the basis for the prac-
tice of the art of engineering, an art that now
uses computer technology and sophisticated
systems analysis.
If there is adequate incentive and if the needs
of our time are known, and there are people
who can design the means of meeting the n_d,
then we must insure an adequate supply of the
technical resources from which come new de-
signs of products and services.
We in the United States are spending $17
billion for research and development to generate
the knowledge upon which our military, our
space effort, our health, and our economy de-
pend-S4.5 billion being spent by industry for
product and process improvement and the re.st,
$12.5 billion, by the government, as follows:
$10.5 billion for the military and space effort;
about $1 billion for health; and about $1 billion
"for all other purposes," by the Federal Gov-
ernment. Of this billion dollars "for all other
purposes," about a quarter of the billion dollars
is spent for one industrial or economic pur-
pose--that of atomic energy. About $175 mil-
lion is spent to support the development and
diffusion of agricultural knowledge through a
mechanism involving the university, industry,
and government. This mechanism of providing
information to the farmer has been one of the
most effective means of translating knowledge
to use that the world has ever seen. For trans-
portation technology, mostly aviation., the Fed-
eral Government spends about $125 million on
research and development. To preserve and
upgrade the natural resources of the country,
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its water and minerals, accounts for another
$100 million. We spend $150 to $200 million
for the basic science supported by the National
Science Foundation. Only about $30 million
is spent by the Federal Government to provide
the unique technical information and resources
that undergird our economy and our industrial
development, other than these other very special
programs.
Furthermore, the support for science and
technology is not uniform. Three hundred
companies perform 80 per_nt of the indus-
try-support_l research and development in
America in manufacturing companies; 300
companies obtain more than 90 percent of the
Federal research and development contracts.
One hundred universities obtain 95 percent of
the Federal funds for research. A few states
obtain most of the research and development
contracts that are let throughout the United
States. Perhaps more importantly_ during the
last 10 years industry-supported research and
development has grown very little. With the
growing cost of technical work, it is becoming
more and more difficult for the small firm or for
the area of the country that does not already
have technical resources to be able to obtain the
technical information with which to develop
further.
The countries that industrialize, that have
the technical resources, tend to become richer,
while those without them tend to become rela-
tively poorer. Likewise, the regions of our
country which depend upon a single product
or a single crop and which have not developed
the technical resources upon which a modern
economy depends tend to become poorer.
Compare our investment in the technical re-
sources directly important to industry with that
of Europe. For the purposes of illustration,
consider only the nonmilitary, nonspace activi-
ties. The nonmilitary, nonspace research and
development of Europe exceeds that of the
United States, even though Europe produces
less than half our gross product. This is the
decidedly appreciable technical activity which
is pertinent to and available to the economy.
West Germany spends about twice as much of
its work force on technical activities having to
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do with the civilian economy than does the
United States. The nonmilitary, nonspace ef-
fort of most industrial countries of the world is
doubling every 3 to 4 years, while that of the
United States is doubling only in a period of
10 to 20 years.
This discussion has thus far concerned some
of the needs of our society, of an urbanized life;
the ability to translate technical resources to
meet our needs; the function of engineering;
and the availability of technical resources. But
the most important element in growth is the
entrepreneur and the environment in which he
can flourish. There is only a little that the na-
tional government can do to provide an en-
vironment for risk-taking or incentives to start
new enterprises. Industrial development is go-
ing to take place locally through the incentives
provided by local communities. The modern
entrepreneur or risk taker is one that knows
not only a little bit about financing, something
about the market, something about labor, and
something about capital, but also knows the
uses to which science and technology can be put.
This new entrepreneur is the exploiter of the
technical resources of the country. To do so
successfully, he must have a favorable environ-
ment to conceive the new enterprises upon
which the local economy depends. I am not
at all sure that our present patent system pro-
vides the maximum stimulation for invention
and for the development of new technical
enterprises. If an entrepreneur is to take risks
with technical resources_ he must be able to fore-
see profits. Certainly our tax structure could
provide more encouragement to the risk taker.
It seems that a special effort is required by
the Federal Government and by the state and
local governments to stimulate the university
to be much more closely in contact with the
needs and requirements of the local industry,
for it is truly a function of the university not
only to educate the students who are there as
young people, but to provide the education of
the businessman and the worker in the benefits
that science and technology can bring.
This administration has proposed a program
called "The Civil Industrial Technology Pro-
gram," which is aimed at stimulating univer-
sities to attend again to the technical work that
undergirds the industry of the country and to
stimulate state and local government and indus-
try to match these funds to develop the local
resources further.
I should also like to propose that something
special is needed in each community. For ex-
ample, perhaps the people of Oakland should
consider the formation of a permanent group,
a few people paid to work on the subject of re-
sources for Oakland's future; to consider what
has to be done to upgrade the labor force; to
provide the technical advice to incoming busi-
nessmen; to _1| n_w risk take_ where tb.ey can
raise capital for a risky venture; to provide the
land and the resources which would make it
possible to generate the new enterprises of the
area. This speciaI action is required in each of
the parts of our e_untry, particularly urban
centera
The technical resources of our country are
now critical not only to the development of our
economy but to our national security and to win-
ning the game of space. They are crucial to the
economic growth of less developed nations) of
less developed area_ of less developed
industries.
We must insure that our technical resources
are conserved, are developed, and are used ef-
fectively, not only for our future but for the
future of free men throughout the world.
If we know the needs, have the people that
know how to meet them, have the technical re-
sources) have a growing market_ and have the
environment that stimulates entreprenenrship)
then the economy will develop and prosper. We
will then be able to provide the basis upon
which our national security and our spa_ effort
depend.
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ALIFORNIA IS PROUD AND HONORED to host C such a distinguished conference. We are 
particularly proud that we should have it in 
the Congressional District of one of the truly 
great Congressmen, George P. Miller. 
We want to extend a special greeting to you 
farsighted men from ni’ashington whose 
thoughtful, and wise, and unimpeachable deci- 
sions hare made California the n’ation’s leading 
state in the space age. We hope that you con- 
tinue to decide Tohere to build your space vehi- 
cles and do research work in the same impartial 
way, without partisanship and witrhout bias. 
We would hate to  think, and I speak as the Gov- 
ernor of our state, that our magnificent climate, 
beaches, mountains, and scenery might have 
influence on your decisions. 
Let me just pause and tell you that the prob- 
lem of being a governor is really a tough politi- 
cal challenge. I have a little grandaughter 
born in September 1962, and everything I do in 
Sacramento, in every message I deliver, in every 
decision I have to make, I try to think of how 
this state wi!l be when she finishes high school 
18 years from now. We will be a state not of 
18 million people, but a state of 30 million peo- 
ple. I t  is not easy to get a sense of urgency 
either on the part of the people in government 
or the people that are as busy as you are in your 
own particular fields of endeavor. 
This brief discussion concerns a problem of 
deepening interest and importance to all of us in 
this space age. Recently, on the campus of the 
University of California at Berkeley, Dr. Ken- 
neth Pitzer posed the problem very concisely. 
He said that the challenges of the space age will 
be met only if we can solve the enormous prob- 
lems of communications in a world that is be- 
coming increasingly difficult to understand. He 
suggested that the scientist must know govern- 
mental administ ration and that the politician 
must become a scientist. This does not mean 
that the governor of your state should take up 
residence in a laboratory or that scientists 
should necessarily run for governor. How- 
ever, it does mean that all of us must try to 
bridge the widening communications gap be- 
tween laymen and the practitioners of space-age 
technology and research. A group of scientists 
in the Bay Area have already formed a Scien- 
tists‘ Institute for Public Information to pro- 
mote this good cause. 
This is not, I submit, the only communications 
gap in our country today. Nor is it the most 
serious. 
Under our system of government, elected of- 
ficials make policy decisions based on an expres- 
sion of the will of the people. But policy 
decisions are hecoming more complicated in our 
space age-not only in Washingtnn, hut in ow 
state capitols and city councils as well. Too 
often we find the meaning of those decisions 
clouded or confused. Communications break 
down. Partisan and special interests distort the 
meanings. Emotional extremists with closed 
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minds draw simple black-and-white solutions.
These voices whine and whimper. They tell us
that all taxes are evil; that big government is
socialism---or worse, that it is communism ; that
you and I as citizens share no responsibility to
help the unfortunate; and that it is no concern
of ours that needy children and ailing old peo-
ple deserve assistance.
In government, there is often a tendency to
shrug off these attacks as the work of dissident
minorities, not worth considering. But all over
this stat% school bond issues have failed because
of the diligent hatchet work of these minorities.
These minorities are suffering from the closed-
mind syndrome--a sickness that I consider the
most serious problem facing government today.
It pervades all levels of society, and it takes
many virulent forms. It is not confined solely
to the John Birch Society, although I think that
group is _,_ best example of Its "_:_*.... " sl_ form.
You see its mutations in hysterical attacks on
thepresidentof our stateboard ofeducation_in
demands by irresponsible political leaders that
vital public services be slashed from govern-
mental budgets_ and in partisan outcries for
illegal acts against Cuba which almost surely
would drive us into war with Russia.
Some of these people cry out that government
is managing the news. But it is not news man-
agement that our country suffers from--it is the
mangling of facts and cynical partisan attacks
on public policy which erode confidence in gov-
ernment.
California is a leader in the space age for
many reasons, not the least important of which
is the fact that we have one of the finest systems
of higher education in the Free World. I ask
scientists, engineers, and business executives a
very simple question: Is there any way we can
achieve our national objectives without massive
investments in education and in top-quality gov-
ernmental services? As a politician and as a
person who realizes the burden of taxes on the
people, I have searched to find some easy way.
The answer is: There is no easy way. If we
are to move this country ahead in the critical
years before u% if we are to prove the superiority
of our system over communism_ we must adopt
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new attitudes toward government and its role
in the free-enterprise society.
Those in the aerospace industry must also be
on guard against the attacks from the fearful,
the falterers, and the men of little faith. They
are pioneering new territory. They are going
to have to be prepared for a few brickbats.
These attacks, when they com% should not deter
industrialists from their goals; but industrial-
ists cannot_ and should not, ignore them. They
must fight for what they believe is right--for
that is the only way that people can get the facts
on which to base the major decisions which must
be made in this fast-changing world.
Aerospace industrialists are the leaders in the
Nation's most advanced and most critical in-
dustry. On their decisions_ successes, and fail-
ure% the prestige of the Free World is riding.
As the President has said, we must "invoke
the wonders of science instead of the terro,_
•.. to explore the stars, to conquer the deserts,
to eradicate disease, to tap the ocean depths,
and to encourage the arts and commerce."
It is not enough that only the missile% the
rockets, and the launching pads are built. Space
must be explored_ certainly--and America must
lead the way, not follow. We must do these
things partly to prove to the world that a society
of free men, governed by law and democratic
principles, is superior to the closed society of
communism.
In California, we are proud that the aero-
space industries are building many of the
vehicles that take our astronauts into space. We
will build many more of those vehicles and com-
ponents here because we have created the intel-
lectual and engineering centers and the busi-
ness climate which have attracted the aerospace
industry.
Those attending this conference know better
than most men the needs of the space age in edu-
cation, industrial development, manpower train-
ing, and a vital economy--and know how these
needs must be met. They must be met in the
legislative chambers of our Nation, our States,
and our city halls. That knowledge and wis-
dom must be applied to help your political
leaders reach a new American consensus based
not on any narrow political grounds but on the
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broad support of an enlightened electorate_
Help us communicate the true role of govern-
ment and its objectives not only to serve special
interests but to serve the public interest.
We must realize the goals laid down 2_ years
ago by President Kennedy in his call to "strug-
gle against the common _nemies of man:
tyranny, poverty, disease, and war itself."
Chairman: Dr. Clark Ken 
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APPRECIATE, on behalf of NASA, the tre- I mendous effort that has been put forth in 
this community. This conference would not 
have been held, in my opinion, were it not for 
the fact that Dr. Sill-er and his group a t  Berke- 
ley started years ago to develop a competence 
which we are today-which we have been for 
several yearsreinforcing. I believe the rein- 
forcement that comes from this particdar con- 
ference and the follow-on activitiw, in the years 
ahead, will be extremely important. 
I n  his book, The Brick M o m ,  published in 
1869, Edward Everett Hale wrote this: 
If from the surface of the earth by a gigantic pea- 
shooter you could shoot a pea upward from Greenwich, 
aimed northward as well as upward, if you drove i t  
so fast  and f a r  that  when its power of ascent was 
exhausted, and i t  began to fall, i t  should clear the earth, 
and pass outside the Sorth Pole, if you had given it 
sufEcient power to get half round the earth without 
touching, that  pea would clear the earth forever. It 
would continue to rotate above the North Pole, above 
the Feejee Island place, above the South Pole and 
Greenwich, forever, with the impulse with which it 
had first cleared our atmosphere and attraction. 
I think it is important that the human mind, 
developed in the great educational institutions 
of this nation, has long worked on the ideas 
that are nom coming to fruition. Perhaps one 
of the most appealing images in the develop- 
ment of space wncepts is that of Dr. Robert 
Goddard reading Jules Verne and making notes 
in the margin where Verne departed from im- 
portant scientific principles. Verne came first, 
coupling brilliance with an active imagination. 
Goddard read science fiction, but he had the 
scientist’s precision and the interest to record 
in the margin those things that were not reality. 
Well, this conference is a reality. That so 
many national leaders in government, business, 
industxy, and education found time to attend is 
a good omen that this conference may make an 
important contribution, that it may be a tuml- 
ing point in the Sation’s consideration of ways 
and means to prepare for the twenty-first ceu 
tury, while making the good fight to solve our 
problems of urban living through use of orga- 
nized facts, rather than organized prejudice. 
The experience and the opportunity this first 
Dunsmuir conference has offered for exchange 
of views and ideas among and between you who 
are leaders in l-arious segments of our national 
life has, I hope, been rewarding for all of you. 
But after observing the breadth and depth of 
your discussions here during the past three days, 
my own assignment certainly Seems formidable. 
So if my remarks do 1-iolence t~ or repeat your 
ideas or those j70u objected to, please accept 
them as a. statement of my own riews regarding 
the problems and opportunities of this fast- 
moving, scientific age. 
Wayne Thompson noted in a previous paper 
that in modern America urban life has grown 
to such examples of concentration as the Bay 
Area or, in the East, the almost uninterrupted 
stretches of city from Boston to Washington, 
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which has come to be called the "Megalopolis."
With this mushrooming and generally haphaz-
ard growth of our urban complexes bringing,
as it does, a number of advantages and efficien-
cies, we have seen a corresponding growth in
the ills which beset our cities.
All of us, whether directly concerned with
the institutions we have set up to attack these
problems or not, are often on painfully familiar
terms with these ills, since we live with them
from day to day.
Among them are downtown blight, the flight
to the suburbs, the concomitant problems of
commuting, juvenile delinquency and adult
crime, the often ugly, sprawling, neon jungles
on our main city thoroughfares, and the rise of
mental illness, now widely recognized as caused
more often by environmental stresses than by
hereditary effects. These are but a few of the
multitude of enormously difficult and interre-
lated problems involved in city life.
They are of interest in this conference which
combines space, science, and urban life, because
advances in science and technolog T are largely
responsible for this thrust of urbanization. It
seems appropriate, therefore, that science and
technology should increasingly seek ways and
means through which some of its effort may be
turned in increasing amounts to helping solve
the problems, urban and rural, which these
changes are bringing about.
Our space activities and the program of scien-
tific research in our generation have been dis-
cussed extensively in preceding papers. It is
sufficient to note that science and technology
will make it possible for us to explore the moon
and eventually the planets and permit us to op-
erate freely in the once forbidden and hostile
region of space.
Let us consider, then, what the enormous
thrust of scientific research and technological
development needed to achieve these space
objectives will also do for us--and to us---here
on earth.
The following quote was taken from the
George Washington Law Review:
The transition we are witnessing is no equable tran-
sition of growth and normal alteration, no silent, un-
conscious, unfolding of one age into another, its natural
heir and successor. Society is looking itself over in
our day from top to bottom, is making fresh and critical
analysis of its very elements, is questioning its oldest
practices as freely as its newest, scrutinizing every
arrangement and motive of its life and stands ready
to attempt nothing less than a radical reconstruction.
This quotation is so pertinent as an assess-
ment of this age in which we live that it may be
surprising to learn that it was made by Wood-
row Wilson in an address to the American Bar
Association in 1910. That Wilson's thesis re-
mains so appropriate after the passage of more
than half a century is in itself a tribute to its
wisdom. The point he was trying to make was
that there are moments in the history of society
when normal methods are not sufficient, when
the legal rule cannot gradually adjust itself to
the historical fact, when legislative programs
are sought as the fastest way to adapt the legal
system to social need, and when social habit is
replaced by discussion, by political contest, and
by political action.
In Wilson's day the idea was associated with
the effects of the industrial revolution, the
changing relationships between capital and
labor, but today it applies with equal force to the
impact of a newer revolution, the impact which
science and technology are having upon society.
The forces of change in the first half of this
century were very great, as were the social and
economic upheavals which they produced, and
the legislative reforms which were established
to deal with them. But all of this has been
transcended by the accelerating forces of change
of the day in which we live. Today we are deal-
ing not only with the profound change in the
social and economic structure of the country and
the world, we are dealing as well with an even
more profound change in man's own conception
of the boundaries and the limitations of his
habitable environment and his understanding of
the forces of the universe.
Bergson's idea that men are habituated to
think of the moving only in terms of the un-
moving is giving way to a generation able to
conceive of itself as a part of a dynamic uni-
verse. Man is no longer rooted to terra firma,
to his native land, or to his city block, either in
the literal sense or in his understanding of the
powerful forces of the universe of which he is
a minuscule part. Increasingly he compre-
hends that the new understanding and knowl-
PERSPECTIVE AND OBJECTIVES OF OUR NATIOI_TAL SPACE PROGRAM 95
edge which are being unleashed by science and
technology will alter his existence in more ways
and more rapidly than he can possibly foresee.
And while he may fear these changes in relation
to his own ability to adapt himself to their con-
sequences , he anticipates them with some eager-
ness, as well, because he is surrounded by ever
present evidence of the benefits he has already
received from the scientific and technological
progress of the past.
Within our lifetime, science and technology
have caused ancient economic, social, and polit-
ical concepts to become obsolescent at a pitce
that matches that of the physical fruits of re-
search and development. The automobile and
airplane have given us convenient transporta-
tion, but they have also altered our whole con-
cept of the world in which we live as it relates
to our daily lives--and so with radio, television,
__ _1 ,1 ,i •
_,tucotm_le_somer cmVelOpments,
Man has gained mobility; his horizons have
broadened, not only in the geographic sense, but
because he no longer feels bound by family,
farm, or traditional village industry or nearby
city factory. He feels no constraint to farm in
Kansas, or mine coal in Pennsylvania, or work
in a particular city factory'simply because that
is what his father did, and perhaps his grand-
father before him. Frustrating as the problems
created by this mobility have become, man has
been so adaptable that as science and technology
have reduced the employment potential of min-
ing coal or planting wheat, or weaving textiles
or cutting metal, new opportunities have opened
up. The technology that has diminished some
traditional human roles has replaced them with
new, more fruitful occupations. But, particu-
larly in our cities, we face the hard fact that
large-scale educational and training opportuni-
ties to qualify them must somewhow be pro-
vided.
As in the past, accompanying the visible
products of man's advance are vast social, po-
litical, and economic upheavals. The theme of
this conference is that a civilization which can
move with serious purpose to gear itself for
travel to the moon and the planets will not be
content with old and outmoded socioeconomic
concepts. Every thread in the fabric of our so-
cial, political, and economic institutions is being
tested as we move into space. Our economic and
political relations with other nations are being
reevaluated. Old concepts of defense and mili-
tary tactics are being challenged and revised.
Jealously gfiarded traditions in our educational
institutions are being tested, altered, and even
discarded. Our economic institutions--the cor-
porate structure, itself---are undergoing reex-
amination as society seeks to adjust itself to
the inevitability of change.
The changes which are driving men from
farm to city have aroused deep and serious
concern at both ends of the scale. While urban
planners wonder how they will cope with too
many people, agricultural regions wonder how
they can survive withtoo few, and both seek
ways to retain the new generation which are
their greatest hope for the futur_
Recently on a visit to several Midwestern
states, all of them in varying degrees confronted
with the consequences of mechanized agri-
culture and an obsolescent or underpotential
industrial pattern, an elderly political and busi-
ness leader, who once participated in the crea-
tion of a prosperous economy in the area, said
with some sadness, "It is sobering to realize that
a state which once attracted the most imagina-
tive, energetic, and courageous of the nation's
young pioneers can no longer even retain the
sons they have produced." He went on to say
that unless we find ways Of adapting to a chang-
ing world, this state will become "a slag heap of
nostalgic old men." That seems hard to believe
and it is an overly pessimistic view, but it does
illustrate an area of great socioeconomic con-
cern.
What are the lessons to be learned from this
view of things ._ How may we act to insure that
the continuing expansion of knowledge, the
accelerating rate of technology progress, will
continue to be a boon to mankind and not a
burden
Consider two needs which are of critical im-
portance. The first of these is the need to create
favorable conditions compatible with the Amer-
ican private enterprise system through which
the knowledge which we gain and the skills
which we develop in our huge program of fed-
erally sponsored research and development--
programs for which President Kennedy has re-
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quested almost_15 billion for fiscal year 1964--
are identified and made available for use in the
industrial stream to contribute to economic
growth and to our nation's power to survive in
a world where second best is more severely
penalized than ever before.
The second need is closely interrelated with
the first. It concerns a necessity for develop-
ing viable relationships among science, educa-
tion, industry, and government. These are nec-
essary to utilize research results for productive
purposes, to create the legislative framework
needed to meet needs of our time, and to bring
into effective use the wisdom of the economists
and other social scientists. How can today's
businessman learn as much about scientific dis-
coveries and new technology as his father knew
about steel ?
One obstacle in the path of prompt applica-
tion of today's research is the extent to which
scientific effort has gone beyond the experience
of most citizens. Therefore, in the Space
Agency, where our specific responsibility is the
achievement of United States goals in space, we
are at the same time not unmi_ldful of the fact
that the applicable knowledge gained must be
utilized to further economic growth. And we
recognize that the potential multiplier effects
of our vast and complex researches will not be
quickly realized without something akin to
Woodrow Wilson's idea of radical reconstruc-
tion,
How does such a radical reconstruction take
place ? How can we do our part as citizens and
leaders of thought and action to see that they
go far enough but not too far ?
In the preceding paper Governor Brown says
that under our system of government, elected
officials make policy decisions based on an ex-
pression of the will of the people. But policy
decisions are becoming more complicated in our
space age, not only in Washington but in our
state capitols and city councils, hs well.
Governor Brown quoted an idea Dr. Kenneth
Pitzer expressed at the University of Califor-
nia recently that the scientist, or some scientists,
must know governmental administration and
that the politician, or some politicians, must
become scientists. It seems to me that Dr. Pit-
zer has extended this idea by pointing out
that in the great mobility of our society, men
can have more than one profession. Men can
move about. This is not true in most other
countries. Here, a person who has been a poli-
tician can become a scientist. It seems to me
that this is a very important consideration
where vast quantities of talent are no longer
required in active service after retirement age.
(I mean active service within the structure that_
provided the retirement.)
Furthermore, how can the will of the people,
or a viable concensus of it, cut through com-
plexity and find some solid basis for continuity,
for fixation on something better than a status
Congressman Miller called "more antiseptic
and with greater leisure than has ever been
known before."
This status is not enough. Congressman
Miller pointed to our history as one guide in
this quotation :
It has long been acknowledged that our technological
leadership of the free world is based on an unmatched
ability to translate into practical terms the results of
research. There is no doubt that this is our special
forte. It has been a unique force in the hands _)f our
people. It has been the imprimatur of progress and
dynamic energy. It has supplied a momentum to our
society that has carried this nation through vicissi-
tudes that have perverted or destroyed nations of our
times and of the past.
Congressman Miller went on to give this
credo that I think is extremely important in the
basic idea that will emerge from this confer-
ence :
Our problem, then, is to maintain that momentum, to
preserve the strength of that unique force, through
those who will come after us. It is our task to make
sure that our scientific research will continue t_) serve
the needs of the world.
Now, much skepticism has beenapplied to the
existing or ad hoc forms of organization for
performing this task set by Congressman
Miller; but Dr. George Simpson has pointed to
one way out, a way that should certainly be
carefully considered by those who will be seek-
ing what we now call "new organizational con-
cepts." It is the concept that we need, in his
words, "a trusted link between the laboratory
and the public."
Consider Governor Brown's "will of the peo-
ple" in the light of Simpson's statement that
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where we are dealing with great masses of peo-
pl% we must create confidence in our sources
of information.
How can the multidisciplinary flux of a great
university become a source of information in
which leaders in all walks of life and large
numbers of citizens can feel a flow of confidence _.
Can it maintain its basic integrity, its labora-
tories, its education, and its atmosphere that
fosters creative ideas that do not stem from lab-
oratories and still play a larger role Jn supply-
ing a trusted link between the laboratory and
the public ._
Dr. Silver has spoken eloquently for the cau-
tion that should be oxercised in even suggesting
and most certainly in implementing a new or ex-
panded role for such an institution as the uni-
versity. He has stated clearly the fact that uni-
versity personnel do respond rapidly and effec-
tively in areas whore responsibility is seen, but
he has also clearly indicated that the process
through which new insights are generated em-
bodies far more than mathematical analysis or
reproducible experiments, and that any forced
diversion or dilution of this successful process
has grave danger.
Where does this leave us_. Are we to accept
the recent statement by the Director of the Peace
Research Institute, Dr. Donald Michael _.:
It is known from the history of innovations that the
eventual impact of technological developments depends
more on the surrounding economic and social context
and the prejudices and the predilections of the decision-
makers in this society than on the logical potentialities
of the innovation itself.
Now, if this is true, can the university provide a
linkage to logical potentialities as a force to
counteract prejudices and predilections ._
In the Bay Area, in Oakland, a continuing ef-
fort is going to be made. As Wayne Thompson
has said:
For some years now the preponderance of the na-
tion's scientific talent . . . has been directed to solv-
ing problems of national defense and space research.
It is our hope that we can direct a good proportion of
this scientific information to solving our urban prob-
lems.
The significance of that juxtaposition of words,
scientific ta/ent directed towards defense and
space research, scientific info_ion to solving
our urban problems, should be pondered.
Leaders of this conference have pledged a con-
tinuing effort in this area; we can have confi-
dence that they will proceed in the spirit of this
quotation from Arthur Clarke, written in 1959 :
By providing an outlet for mau's exuberant and ado-
lescent energies, astronautics can make a truly vital
contribution to the problems of the present world.
Space flight does not even have to be achieved for this
to happen. As soon as there is a general belief in its
possibility, that belief will begin to color men's I_Y-
chological outlook.
In many ways the very dy_mic qualdfi_ of
astronautics are in tune with the restless_ ex-
pansive spirit of our age and I have no doubt
that this continuing effort in Oakland will pro-
ceed, not despite of but because of the new cos-
mology by which Von Braun and Van Allen,
Pickering, Dryden, and Jastrow have suddenly
expanded man's domain from this planet earth
to a whole solar system; this cosmology has
sown the seeds of a dynamic revolution in man's
conceptual relationships.
Think of this: 10 years ago, utilizing an aero-
nautical technology which could exploit the at-
mosphere only up to twice the height of his
mountains, man grappled with a shrunken and
bipolarized world. Less than 10 years from
now, he will have stood on the moon and sur-
veyed the earth, while confidently preparing a
voyage to nearby planets. In this decade the
ideas developed at this conference will produce
a better quality of life in California, in the
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WHAT SCIENTIFIC DEVELOPMENTS
WILL AFFECT THE TRANSPORTATION, COMMUNICATION,
POWER RESOURCES, AND CONSTRUCTION INDUSTRIES
IN THE YEARS IMMEDIATELY AHEAD?
Dr. William O. Baker
I have no formula from which to derive the
effects of science on the industries of trans-
portation, communication, power resources, and
construction in the immediate future. How-
ever, certain limiting conditions can be set im-
mediately. For instance, unless there are pro-
gressively improved techniques for translation
of the discoveries of science into usable and
practical forms, there will be no effect. Further,
unless there is a suitable national policy which
recognizes the increasing difficulties of innova-
tion in the large systems that _re typical of such
industries, the effects of scientific developments
will be small.
However, lozoer limits are not the theme of the
conference, whose goal is to "consider and eval-
uate the application and relevance of new
technology to the needs of industries and
cities .... " Nevertheless, in seeking _pper
limits, it is necessary to choose both the con-
tent and the tactics of science which are central




discussion here all possess certain qualities in
our nation which make scientific evolution in
them virtually unique in the world; namely,
they are all still basically free enterprises op-
erating in response to the public will and with
high conscience for the public welfare. It-is
true that the construction industry is less clearly
identified with this remarkable role of private
resources serving the public purpose than are
the others. But even there, with public con-
struction, including roads, dams, airports_ and
so forth, the position of the private operator is
still vastly stronger than in any comparable
society or nation elsewhere in the world.
In the other cases, particularly those of rail-
road, airline, automotive, telephone, telegraph,
radio broadcasto and TV broadcast systems_ and
electric and fossil-fuel resources_ our private
systems stand in dramatic contrast to the usually
nationalized or state-operated systems of the
rest of the world, including Free World areas.
While we are all gravely concerned about the
forces in the world which may tend to collec-
tivize our operations in the years to come, it is,
•nevertheless, an illustrious facet of history
which shows most of these industries in the
United States now responding alertly and
adroitly to scientific progress, and, indeed, in
many cases, contributing to such progresa
Included also are the relevant industries
which are the larger developers and suppliers of
the systems components in transportation, com-
munication, power s and construction. In some
industries, such as transportation, there has
been an unfortunate division between the com-
ponents suppliers and the systems operator_
Hence, while the automotive firms have vastly
improved diesel and electric power for the rail-
roads, there has not necessarily been a corre-
sponding increase in the effectiveness of the sys-
tems technology. A similar situation is seen
in many aspects of the construction industry,
where the component suppliers, including chem-
ical, metallurgical, and material manufacturing
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sources, have kept at the very forefront of mod-
ern science but systems operators--the assem-
blers, building trades, and even architects, to
say nothing of regulatory bodies--have not sup-
ported most efficient assimilation of these com-
ponents into systems of new structures.
On the other hand, in the power industries,
the components resources--the makers of boilers
and other energy converters, turbines, genera-
tors, distributing equipment, appliances, and so
forth--have largely, on their own initiative,
kept close to the systems engineers and opera-
tors, that is, the electric utility companies. The
generally excellent results that accrue are noted
subsequently. In the communication industry,
it has so far been largely possible to integrate
the research components developers and manu-
facturers directly with the systems operators, as
is seen in radio companies, such as RCA, with
their manufacturing and broadcast activities,
the telephone companies, such as General Tele-
phone and Electronics, with its Sylvania manu-
facturing branch, the Bell System with the
Western Electric Company, and others. Here
the efficiency and responsiveness to human and
public needs seem to be the highest, and it may
be that the demands of modern society for use
of science and technology will require more and
more of this kind of integration.
RELATION OF NATIONAL SPACE GOALS TO
INDUSTRIAL SCIENCE
It is necessary to review the structure of the
service industries in order to see what the mean-
ing of new science and technology in relation to
our present great national goals in space ex-
ploration and other technical domains may be.
The origins of those goals may lie in very
basic concerns such as the national security--
the ability to meet threats and challenges in
space about our globe. :It is unlikely that the
national aspirations in space have been selected
as the way to advance directly the science and
technology of the public service and private in-
dustries. Also, there is little experience yet to
show that incidental effects of great national
programs such as space and nuclear energy have
any profound influence on the general advance
of national product or wealth. Indeed, we could
hardly expect this to be otherwise since, on the
whole, our federal missions for nuclear energy
and space exploration are managed skillfully
to attain specific objectives such as nuclear
weapons, nuclear propulsion for submarines,
lunar exploration, and the like.
Thus, there will not be a loose spillage of these
efforts and results into other main channels of
industry and commerce. Presumably, the better
the management of these missions, the less the
byproduct that emerges casually in the form of
commercial technology. This quality of modern
science and technology is probably not yet well
understood, since in an earlier part of this cen-
tury it was fitting and fashionable to emphasize
the unity of knowledge in technology as well as
in science. In the meantime, however, and even
just during the past decade, the accumulated
knowledge about each of several different tech-
nologies has become so large that practical trans-
fer among them is increasingly inhibited.
However, there does seem to be a deep cou-
pling of the major forces of our space program
with the most central needs of our society. This
can be shown in respect to the transportation,
communication, power resources, and construc-
tion industries. This coupling is through the
e_pectations which space systems and programs
represent to the people of our nation. Thus our
people see, first, that our national leaders be-
speak expectations from science and engineering
beyond those ever realized before. Then they
see our national abilities, led by scientists and
engineers, turned actually to achieve many of
those seemingly fantastic expectations. Manned
space flight is probably the classic example, so
far, of this national gaining of the "insuper-
able." Here is seen, indeed, a very subtle quality
of the Free World's approach, even in the form-
ulation of these expectations, in contrast to the
approach of other societies. We have been crit-
icized for announcing beforehand our expecta-
tion of space achievements, particularly of
manned flight, and most recently of lunar voy-
ages. Our habits are in striking contrast to the
practices of other nations, whose achievements
in this field have been announced only after the
fact.
It is true that exercising such restraint is a
conservative and certainly canny way to play a
cosmic and costly game. On the other hand, if,
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indeed, the aspirations of man in science and
technology are to liberate wellsprings of human
energy--as in the great cathedral building
waves of the Middle Ages or the oceanic ex-
plorations of a few centuries ago--is it not
wise, and also just, to have the detailed nature
of science and engineering behind these feats
laid out as great expectations beforehand ._ It
is experience with these new dimensions of ex-
pectations by our people and the reasonable
_chievement of such expectations in such do-
mains as our national space program that will,
in fact, have the most profound influence on the
role of science in other and perhaps even more
vital affairs. It is in this context that I would
like to suggest the effects of expectations on
scientific developments in industries that will be
central to progress in regional and urban well-
being and advance in the years ahead. I can
speak of such expectancies with both conviction
and feeling, as a scientific worker as well as a
citizen. Indeed, already the superb achieve-
ments of the Mercury-borne astronauts, an-
nounced as expectations beforehand, as well as a
more intimate association with the expected
behavior of ablating heat shields for their re-
efitry, have been stirring events. The expecta-
tions of my colleagues and of my industry for
the first-time success of the Echo and Tel-
star satellites, and even the 99 out of 100 shot
reliability of our radio guidance for space
launchings by the Thor-Delta rocket systems
have influenced our much broader expectations
of what science and technology can do.
SYSTEMSTECHNOLOGYCOMMONTO SPACEAND
INDUSTRIALOPERATIONS
Why are aspects of operations in outer space
so prominent in our foresight about the indus-
trial strength which must underlie urban wel-
fare ? This is because the industries involved in
urban support--transportation, communication,
power resources, and construction--are com-
posed of large technical systems. They cannot
be either advanced or best directed by any single
miracle of discovery, although such things as
electrically superconducting metals would have
profound and widespread effects, as will be dis-
cussed subsequently. Thus, on the whole, what
is required most for progress in these areas is a
progressive set of expectations, very great and
very brave ones, that will challenge the scien-
tists and engineers of these enterprises and of
our national community to do the best things
for each of them. To the shape and scale of
these challenges our space program, for the rea-
sons noted above, can contribute strongly.
Indeed, this has already been seen in the com-
mtmication arena, in which Dr. John Pierce's
concepts of the meaning of space capabilities
for satellite communications have already re-
received wide confirmation, although by no
means industrial or economic verification as yet.
It has seemed necessary to prepare in this
way for the views to be developed on opportuni-
ties and effects of science on urban service indus-
tries, because references to the substance of such
scientific change in these industries will have to
be compact. The worthy issue is the range of
scientific possibility that applies in each indus-
trial are_ and might be realized if the right
expectations are directed toward it. Our ex-
periences with the space programs should teach
us much about that, too, for they have already
reminded us how steep is the p_th toward
realizing great technical hopes.
Further, the expectations for these industries
will have to be met with care about economics,
capital requirements and, basic to all these,
profits. It is always interesting that the great
diversity, the choices, the options that are pro-
Vided to man by modern science and technology
have actually made true profits one of the most
valuable and essential gages of social pr6gress.
Thus it used to be that the profiteer was as-
sociated with control of vitally needed or
wanted things or services, such as a single anti-
septic drug where there are now hundreds of
such drugs, a high-speed rail transport route
where there are now highways, canals, airlines,
und pipelines, or a particular silk textile where
there are now dozens of synthetic equivalents
and alternatives for silk. Now, on the other
hand, society chooses, often with the sure touch
of mass preference, to get from among many
the particular type and quality of goods and
services it wants. By its willingness to pay
and to provide profits in this way, society
stimulates the emergence of the best and the
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most effective. This process_ subject of course
to exceptions and to the scoffs of the cynic, still
seems to be the greatest hope for the proper
selective use of science and technology in the
national interest. The American people seem
to have a shrewd realization that this is a good
tactic for the wisest exploitation of technical
discovery and engineering. These policies
must be accepted governmentally and politi-
cally if there is to be progress in the great urban
complexes which are emerging_ and wherein
especially there is a temptation to collectivize
and to ignore the selectivity and thrust toward
quality provided by a responsible profit system.
Thus, in this sense, there are many analogies
between the problems of urban development,
which are practically the problem of social de-
velopment in our day, and those of space and
other heroic technical ventures. As noted_
however, there is also a challenge common to
the two domains: that of needing every possi-
ble skill in converting new science into new
technology and engineering. The details of the
approach may differ strongly in the two fields
and will certainly differ very strongly from the
national space mission insofar as the industrial
support for urban development, even in the
service industries under discussion, follows the
free-enterprise private-initiative pattern. Yet
we have always to keep in mind in both the de-
cisive value of choosing the right developmen-
tal and engineering approach. Because this
feature is so important and because each indus-
try must develop its own schemes for assimila-
tion of new science (with full account of some
of the basic differences among the industries
we are considering)_ the technological impacts
in the years ahead should be considered specifi-
cally in terms of the particular industries.
Thus_ we can be consistent with our guiding
theme of great expectations which should be
developed for each of these industries, but
whose realization will, of course, be controlled
by a common tide of scientific finding and ap-
plication which spreads increasingly into all na-
tional affairs. Now a few comments will be
made about possible relations of each of the
four industries to the main currents of knowl-
edge to be noted.
SCIENCE_ AND URBAN LIFE
PRINCIPAL AREAS IN SCIENCE AFFECTING
SERVICE INDUSTRIES
Two arenas of science now appear to stand
out in their import for transportation, com-
munication_ power resources, and construction.
These are the sciences of computers and ma-
terials. As stated in the report of the Engi-
neering Research Committee (Assistant Secre-
tary of Commerce J. H. Hollomon, Chairman)
to the Engineers Joint Council ("The Nation's
Engineering Research Needs 1965-85") _ high-
speed computing machines are not only
revolutionizing business, scientific, and techni.-
cal handling of data, but more dramatically the
handling of information itself. Following
this report, the Engineers Joint Council has
undertaken an extensive national program to
display_ and perhaps to influence by education
and research, the nature of the revolution in en-
gineering which is underway. While many
elements of this revolution are already well
known, design automatibn and simulation are
two areas of pervasive importance. Design
automation has recently taken a sudden leap
ahead, so that it is coming out in a different
form than the production of alphanumeric
design data which were traditionally trans-
ferred manually to drawings for production use.
Nevertheless, it is striking that even this earlier
rudimentary form was of high value for the
creation of transformers, certain electronic
power supplies, heat exchangers of standard
configurations_ and a few other products, even
5 or 6 years ago, as noted in the works of S. B.
Williams, J. B. Allured, J. Nieberding, and
their respective coworkers.
IMPACT OF COMPUTER SCIENCEON
BASIC INDUSTRIES
l_ow, however, as shown by T. H. Crowley,
certain functions of the design and manufac-
ture of systems can be accomplished completely
by general-purpose digital computers. These
principal functions are (1) optimization of
parameters, (2) preparation of manufacturing
information, (3) control of processes_ and (4)
administration of production and product dis-
tribution. These schemes are on the verge of
recasting the whole method of component pro-







eessis, on this scale,essentiallydependenton
modernsolid-stateelectronics. This is derived
mostly from the transistor and other semicon-
ductor devices but also has large support in
rapid-access memory involving the latest ar-
rangements of magnetic cores or drums. Thus,
we are discussing implicitly the very forefront
of modern physical science, of electrons, waves,
and crystal_ In this regard it is most instruc-
tive to recall that virtually none of these vital
ingredients for information handling and data
processing came from specific missions of the
computer business or, indeed, from the gigantic
military projects dependent upon electronics
(radars, command and control, sensing and data
processing, fire control and guidance systems,
navigation and signaling, air defense and traffic
control, etc.). Rather they arose from funda-
mental studies in industries whose life currents
depend on knowing about the properties of elec-
tric charges and waves. These were the radio,
power and control machine, and communica-
tions industrier_ From these came the vacuum
tube, the transistor, the high-speed diode, the
traveling wave tube, the backward wave oscilla-
tor, the ferrite magne_ the solar battery, the
optical maser (and the realization of the micro-
wave maser), and many more.
Examples of optimization can be multiplied
vastly through the industries noted. Above all,
they will be important ingredients in the great
expectations for expertly designed systems for
highway and rail traffic flow, for mobile com-
munications, personal video, and special voice
or record message service. Such analyses will
be needed for versatile fixed and mobile power
systems and for construction techniques and
modules that will serve more .flflly the needs for
buildings and public works.
These computerized methods have already
been applied to the preparation of detailed in-
formation on the design and output of logic
circuit packages, including even such equip-
ment engineering problems as ways of mount-
ing the packages and where and how they will
be interconnected. While this verges on yon
Neumann's grand vision of the self-generating
automata, it is also a highly practical method
of detailed design which, because of the volume
of units involved, has been up to now a large
burden or restraint to economical manufactur_
Indeed, the Western Electric Company is now
producing such logic circuit packages from de-
sign and manufacturing information achieved
by machin_ The designs and locations of com-
ponents on the chassis are first worked out with
specific programa Then lists of materials, wire
run lists, and drawings, including logic dia-
grams and wiring diagrams, are stored on
magnetic tape and also printed out for direct
checks. This has now been advanced through
the work of Crowley, Rosenthal, Herbst,
Leagus, and others so that direct output Of
punched cards or tape for control of wiring
machines is obtained.
A recent application has been described by
Linderoth for similar design and production of
machine-tool parts. We can expect here an
economy, reliability, and precision of mass-
produced components never before achieved.
All the industries cited have large ingredients
of highly repetitive operations such as coil
making, control wiring, control of machine
parts and casting in automobile manufacture,
use of sophisticated distribution systems for
power grids, and the infinitely repetitive ele-
ments of enclosures, fastenings, service, and so
on, in construction.
RELATIONBETWEENDESIGNAND PROCESSCONTROL
A striking feature of this manufacturing in-
formation regime by machine is that many ele-
ments that have normally been considered to
be process controlled, such as the adjustment
of a machine when it is tooling parts, can now
be included as preliminary manufacturing in-
formation instead. Accordingly, the whole
scheme of production engineering is modified.
Obviously there are strong interactions here, in
design and manufacturing precision, with space
technology activities and, as these progress,
more and more high expectations arising from
them can be transferred to invigorate produc-
tion methods in other areas.
In spite of the improvements in manufac-
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turing information which reduce the need for
detailed process controls, the latter remain cen-
tral ingredients of efficient production. The
principles of automation and feedback control,
derived from the work of H. S. Black, the dis-
coverer of feedback, L. A. MacColl, and others,
formed a base for automatic control mecha-
nisms. From the same base, in the same labora-
tory, has grown much of the guidance and
flight control of missiles, rockets, space launch-
ers, and space vehicles. Thus, again, the scien-
tific disciplines of electrotechnolo_oT, especially
from communications and electronics indus-
tries, have linked back to space operations.
Darlington's essential guidance and naviga-
tional methodology, which was itself the fore-
runner of interplanetary navigation systems,
derived from the communications circuitry and
philosophy. These have now branched also in
other directions to automata and control. Ex-
isting and forthcoming operations of process
control include the whole materials supply
backup for the industries we are reviewing,
especially in chemistry and metallurgy, but
particularly also the energy release methods
for the power resource industries. Thus, both
the petroleum extracting and refining industry
itself and the fixed power supply business
are sharply dependent on electronic control
systems.
Particularly for this reason, although also
largely because of improvements in design and
materials as will be emphasized again later, the
electric utility industries advanced from re-
quirements of about 65,000 Btu/kw-hr 80 years.
ago to 8,600 Btu/kw-hr now, reflecting the re-
sult of detailed process control for the manufac-
ture of electricity. This is shown even more
concretely in terms of local coal consumption
(where again materials and design have also
had a high part), which even 10 years ago was
about 1.14 lb/kw-hr, but last year was _bout
0.85 lb/kw-hr--down about 25 percent in a dec-
ade, even though it represents one of the oldest
operations in modern industry. The national
saving here of about $500 million annually in
fuel consumption has high import for the' urban
complexes of the future. Again, however,
this is a place for exercising high expectations.
These are even reflected by the cheerful courage
of the power e_tuipment industries in design-
ing the present boiler units to produce a kw-hr
of electricity from 0.72 lb of coal. (Of course,
elementary thermodynamics indicates that this
is by no means a final limit.) Thus, process
control is, like space exploration, still in its
infancy.
With respect to construction ingredients, it
is remarkable that a large cement factory in
Japan has computer process control for most of
its operations, including those of the kiln.
MECHANIZED INFORMATION HANDLING FOR
PRODUCT CONTROL
In the administration of production and prod-
uct distribution, the computer techniques ar_
relatively far advanced. They apply to all in-
dustries we are discussing, and include particu-
larly inventory control. Here, they can effect
an optimum between an inventory large enough
to prevent delays from lack of material and one
which is overcostly because of oversupply. For
the administration of output that has job shop
characteristics--including particularly the com-
ponents of the construction of buildings, but also
the assembly of machines for transportation,
power generation and usage, and communica-
tion-very complex schedules can be adminis-
tered through machines. Automobile compa-
nies are even controlling their warehousing
as, indeed, are other basic industrial suppliers,
including communications and power suppliers.
Reports obviously can be and are being prepared
swiftly and (sometimes) concisely through
machine tabulations and data analysis. (Mod-
ern machine methods make these reports so
abundant that they may become the next dan-
gerous oversupply, rivaling agricultural
surpluses.)
The implications of these automated methods
for urban development through the industries
cited are immense. For instance, the time re-
quired to introduce new designs of transport
vehic!es, power-distribution schemes, or con-
struction systems can sometimes be reduced
severalfold by these methods. Plans for public
works, which might otherwise take several years
to achieve, may be expected in the future in
weeks or months. Therefore, the whole time
scale of planning, financing, and executing such
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public works, communication systems, and
power systems can be much shorter than the
decade or so now often involved. Similarly,
these computation techniques in the methods
just reviewed, but also involving those of
simulation and analysis of design, especially
when coupled with an increasing role of new
materials (as will be noted later), can be ex-
pected to reduce failures. Incidentally, large
commitments to public works such as bridges,
roads, tunnels, power lines, and the like, can be
made more deliberately because of enhanced
planning skills. Costly maintenance of poorly
designed highways, the collapse of bridges and
premature aging of buildings, and the in-
adequacies of communication and transporta-
tion systems will be drastically reduced by
computational conveniences and the extensive
handling of statistical information by high-
speed machines.
These are not easy or simple advances. We
have no "thinking machines." The present
logic aids themselves demand high expectations
and very high skills_ However, as space
science has demonstrated for some other cases,
mechanized information systems are possible.
In the course of achieving them and of shaping
our expectations for them, we may accomplish
also some other things of comparable value.
EFFECTOF COMPUTERTECHNIQUESON STATUS
OF ENGINEERING
It has been said that the space program has
diverted great numbers of students from under-
taking engineering and other cardinal learnings
in favor of supposedly more glamorous "space
sciences." In fact, however, we are sure that
engineering in its older forms has expectations
too low to challenge the young minds of the
quality that this nation must attract to its in-
dustry and government in the future. Thus the
logic machine methodology will, in fact, liberate
large numbers of the more than 600,000 engi-
neers presently employed in industry from the
narrow and tedious repetitive operations to
which they have been too much committed. It
will restore to engineering the excitement and
personal independence with which it was so
vividly animated in the early parts of this cen-
tury. Thus, we can expect an attraction of good
minds into these industries (as well as into the
space projects themselves) to do engineering
tasks supported by scientific computer re-
sources, in proportions which we have so far
failed to achieve from our expanding popula-
tion of educated people in the past decade.
The impact of mathematics on a broad range
of industrial operations, including new statis-
tical methods as embodied in high-speed com-
puting machines, has been discussed with a mere
hint at some of the most appealing of these
opportunities. These are in the field of simula-
tion and systems analysis. There is a natural
connection with space operations here, since the
inaccessibility and difficulty of experimentation
in outer space, with its dangerous detachment
from human environment, require extensive
simulation of most effects on satellites and their
contents. It was found--largely by machine ex-
periments " "'_"*:- -slm,l_l,_ commmdca_ion qualities
such as voice transmission and traffic patterns--
that massive experimentation with models could
be performed in which everything existed only
within a computer program, which would then
yield "experimental" data. These findings are
being progressively coupled with operations re-
search and statistical studies. Thus, we can
expect to know a great deal about elaborate
plans for transport systems, communication
networks, power generators and grids, and even
highway and perhaps building qualities before
experimental physical models are made.
The citizens who support and the administra-
tors who direct large programs for urban serv-
ices, which are usually implemented through
the industries we are describing, should count
among their great expectations vastly more pre-
cise estimates of costs and performance than
ever seen before. More sophisticated mathe-
matical modeling, coupled with computer solu-
tions such as those done by the Brown
University group of Prager, Newall, and their
coworkers, has given important insight into de-
signs of tunnel, city street, and traffic-control
systems. We can expect continued improve-
ments here.
NUCLEARPOWERAND CIVILIANSCIENCE
Our views of the role of great expectations in
coupling science with industry, of course, can-
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not ignore the civilian nuclear energy history.
:Even the November 20, 1962, report of the
Atomic Energy Commission to the President
on "Civilian Nuclear Power" left unclear the
role of private and public utilities. The AEC
felt it needed to provide 10 or 12 power plants
of improved design, but there was no conviction
that these would be economic or compatible
with the profit-making responsibilities of the
private power industry. Nevertheless, the re-
port asserts repeatedly that all aspects of the
atomic power industry should be shifted to pri-
vate enterprise "as soon as possible" and,
indeed, recommends legislation permitting
private ownership of special materials. We
have seen here a confusion of the expectations
of scientific discovery, which has been expertly
sponsored by the AEC, with the coordinate
but separable problem of application for eco-
nomic service.
These roles must be separated soon. This
particular report of the AEC illustrates, for
instance, the sort of progress that can come
from independent, economically energized ef-
forts at the application of basic nuclear science.
For example, the spectral shift nuclear reactor,
developed independently in the Babcock and
Wilcox laboratories, was noted to be of special
appeal for exploitation of the vast thorium re-
serves, since it would work particularly well for
the thorium-uranium cycle. The whole matter
_)f advanced converters or fast breeder reactors
is recognized to be of special industrial im-
portance. But failure until now of adequate
systems research and analysis of the role of
nuclear generators in the whole electric power
industry has made this not only nationally but
internationally one of" the dark chapters in the
applications of science. The simulation and
computer-based information analysis schemes
under discussion might have helped in this mat-
ter some years ago. Indeed, in a recent rem-
iniscence of the outlook of physicists when the
Fermi pile began to operate in Chicago, Pro-
lessor Wigner sagely asserted that they were
completely misinformed about the power-
generation problems, even in their concept of
how large an element of the national product
was involved, but more particularly as to the
advances in nonnuclear sources which were then
coming into boing. A definitive report of 1962
asserts that the use of coal is still rising rapidly
and will not drop off because of supply and
other economic factors until about the year
2000! This is far from the opinion that was
general in the late 1940's, when nuclear power
and uranium stocks were the portfolio darlings.
The power-resources issue is indeed a good
one for much more extended applications of
computer analyses and systems simulation than
has even now been attempted. A current report
from the National Academy of Sciences to Presi-
dent Kennedy (January 1968, M. King Hubbert,
Chairman) states that oil and natural-gas sup-
plies are now expected to be 80 percent depleted
in the next 80 years. Similar warnings have
been advanced for many decades, and also we
know of oil shale and other reserves that have
been unknown in the past; nevertheless, we still
need (and the power resources industry should
promptly seek to acquire) penetrating analyses
of systems for mobile power generation as com-
pared with those for fixed power generation.
It may be that our resources for fixed plants,
such as the electric-power generators, need few
immediate supplements. (This report suggests
that 90 percent of the U.S. coal supply will be
used up only by the year 2400.) However, the
situation for mobile, especially automotive,
power, which couples also with the transporta-
tion industries problem, is much more uneasy.
In fact, while in 1920 gas and oil supplied only
8 percent of the total energy used in the United
States, both fixed and mobile, in 1960 the figure
was 73 percent and it is still climbing rapidly.
(We can also get inadequate comfort from con-
sideration of world resources of oil, since the be-
lief that 80 percent of ultimate reserves will be
used by the year 2040 applies to world re-
sources. )
The discussion of these familiar issues is not
intended to stress the appeal of using some of the
10's or 100's of millions of metric tons of rock
containing uranium or thorium. (When these
exist in amounts of 50 grams or more per ton,
we already have in the United States hundreds
or thousands of times more potential fuel than
the world supply of fossil fuels.) Also, the
present purpose is not to emphasize the opportu-
nities of using nuclear energy as a chemical re-
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source for making gasoline or oil or other liquid
fuels by hydrogen reduction of carbon com-
pounds, or the like. Rather, it is a plea to sup-
plement the decision making and analytical
processes of man's brain with the immense power
of modern information-handling systems so that
really wise and valid plans can be made now--
in time for what may be future crises in power
and transportation services. The magnitude of
the space program has already induced the man-
agement of the NASA to undertake extensive
systems studies such as are represented by their
own directorates, by the General Electric opera-
tion on reliability and tests, and by the Bell-
comm operation on manned space flight. It is
unnecessary to emphasize that what we are dis-
cussing in all these cases up to now is far beyond
the usual Critical Path method or Pert method
of project o_._co-.mting. _The_ latter are simply
ordinary project schedule and ledger schemes
that have been mechanized and improved for
large programs, but they are only a small com-
ponent of the sprt of information processing
that we are considering here.
NECESSITY FOR SYSTEMS ANALYSIS IN NUCLEAR
POWERPROGRAMS
Are we not reflecting some of the maturing
of the Age of Science when we ask for wiser
thought and action about what we have, rather
than relying on the headlong search of recent
decades for some miracle solutions or for mas-
sive, brute-force finding of what we do not
have ._ Indeed, this latter attitude seemed to
be the cause of many of the lost years and spent
billions of nuclear power effort since 1946.
Similarly, the more than $1 billion spent on
nuclear-powered aircraft (ANP) is very largely
a monument to inadequate systematism and
materials resources. Over and over, the 14 sepa-
rate review groups operating in the period 1955-
61 made recommendations consistently focused
on inadequacies of project organization and
of materials for critical functions in that pro-
ject. The official report of the Comptroller Gen-
eral reviewing this program showed that deci-
sion-making between the AEC and the IX)D,
involving important technical points, sometimes
took more than 2 years on a single issue ! Lack
of knowledge of the performance of materials
as well as inadequate choice of alternatives were
major deficiencies.
In any case, the issues are far from illumi-
nated, and the greatest immediate impact of
science on such systems, I submit, will be meth-
ods of studying and laying out dearly what the
choices really are, what is known, and what is
merely surmised about power resource alterna-
tives. This is consistent with various other
studies such as a recent 5-year one issued by the
Twentieth Century Fund entitled "Civilian
Nuclear Power: Economic Issues and Policy
Formation," prepared by Philip Mullenbach,
long associated with the AEC. He summarizes
our efforts up to now as ones that "have pro-
gressed in eight years from excessive hopes to
chastened resignation." It is seemly that this
panel take heed to lessen the chance that such
statements have later to be applied to great
scientific movements now in full flight, such as
our space endeavors.
MATERIALS AND NATIONAL SCIENTIFIC PROGRESS
Along with this great chance for a new era
of wise planning, decision making, and sys-
tems analysis may also come a new level of
achievement based on the science and tech-
nology of materials. Indeed, it was found at
the beginning of the space epoch_ in studies of
major technical priorities which we made in
Dr. Killian's office at the direction of President
Eisenhower in 1957-58, that the limiting in-
gredients of urgent programs such as intercon-
tinental ballistic missiles, space satellites,
powerful boosters, and many other demanding
elements for the national security were the ma-
terials available for realization of concepts and
designs. Beginning in 1959, a National Ma-
terials Research Program was constructed to
augment the notable progress that solid-state
physics, chemistry, and metallurgy had estab-
lished in the late 1940's (reflected in the dis-
covery of the transistor, metal whisker tenac-
ities, large-scale applications of polymer
science, notable advances in ceramics, and the
like). The present form of the national pro-
gram involves about 14 major university centers
for interdisciplinary study of materials. It
has been almost entirely supported by the Ad-
vanced Research Projects Agency of the De-
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partment of Defense, with the special attention
of Mr. Charles Yost. It does not yet, however,
involve significant modes of transition of basic
science into applied science and technology.
Nevertheless, some important efforts are being
planned for this.
This powerful and cumulative knowledge of
the physical, mechanical, electrical, thermal, and
chemical qualities of solid matter--whether it
be solid propellant, rocket case, heat shield for
ballistic missile warhead or manned satellite
reentry, or the thousands of less sensutional new
materials developments--affects equally im-
portant advances in new materials for the fabric
and operations of each of the complex systems
industries we are discussing. As happened for
the computer components and the industrial
control mechanisms that were mentioned earlier,
the application of new materials will also guide
the growth of powerplants and distribution sys-
tems, of all kinds of materials of construction,
and certainly of the public works involved in
highway and airport transportation facilities.
Simply to give a casual sampling of what forms
this could take, a few areas of highest activity
in materials development and processing will be
cited.
PROCESSING OF EARTH SOLIDS
Hydrothermal synthesis of minerals might
develop so that equivalents to mortars and con-
crete would be produced at construction sites by
hydrothermal pressure vessels little more com-
plex than present unwieldy (but mobile) ce-
ment mixers. Such a synthetic preparation of
the previously elusive electrotechnical and struc-
tural material, qu'artz--composed of the two
most abundant elements on earth, silicon and
oxygen--is now a finished task with high pro-
duction of superior units from the factory at
Merrimack, Mass., and some other production
centers, but the field is barely taking hold for
other materials. It seems of high utility in view
of recent successes with aluminum oxide sys-
tems and asbestos analogs; and even the fa-
miliar but excitingly versatile zinc oxide is
suitable for controlled crystal growth from
aqueous systems at high pressures and tempera-
tures. It is too soon to expect that both roads
and houses can be extruded from a hydrother-
mal process vessel using sand or cheap mineral
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components gathered from the site as the struc-
tural material. However, this is a clear goal
provided by the pace of scientific discovery in
this field. Common clay will not forever elude
uncommon science.
Indeed, the modification of other forms of
matter by means of intense pressures may follow
the historic achievements of the General Elec-
tric laboratory in commercializing diamond
synthesis, thus providing whole new ranges of
materials properties. The late Professor Percy
Bridgeman foresaw this in the transformations
he 'achieved in his pioneering high-pressure
studies. The recent work of Professor Willard
Libby at the University of California at Los
Angeles has strengthened our expectations of
progress. The import of these studies is well
shown by the current finding that indium anti-
monide, a semiconductor, can be converted with
suitable pressure and temperature cycle to an
electric superconductor 'below about 2° K.
ROLE OF COMPOSITE MATERIALS
We shall also expect new combinations and
ways of using solids to have an increasing im-
pact on the industries being discussed. Here
one of the major influences of the new science of
solids has been to reduce the compartmentation
of technology which had characterized the ma-
terials suppliers--the metallurgical and chemi-
cal industries on the one hand, and the major
materials users such as the construction, trans-
portation, power, and communications indus-
tries on the other. Indeed, fragmentation
within the materials industries themselves was
such that combinations of metals and plastics,
of ceramics and glasses, or of fibers and ud-
hesives were dependent, at least until recently,
on technical developments in consumers' labora-
tories. Obviously the requirements of space
technology for the ultimate performance of me-
chanical, thermal, chemical, and electrical struc-
tures quickly dissolve traditional barriers to
use of combinations of materials. This was
found dramatically at the beginning of the bal-
listic missile development in 1954-55 when the
concept of the ablative heat shield, based on
fundamental studies of the thermochemistry of
cross-linked polymers combined with inorganic
fibers, soon displaced the traditional refractory
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metal heat shields and nose cones which had
been assumed to be indispensable up to then.
One of the dramatic techniques of combining
materials is through bonding layers of them,
such as in organometallic laminates, fiber-rein-
forced plastics, honeycomb structures, and the
like. Again the position of these light, strong,
often expanded systems in space technology is
familiar. Already they have a firm position in
construction, power, and communication indus-
tries and they will probably be extended largely
in the next few years to automotive, aircraft,
and other transportation fields. The pertinent
issue for this discussion is, however, that we are
just learning the possibilities and basic qualities
of adhesion. Examples are the current dis-
coveries of Schonhorn and Sharpe on amphi-
pathic monolayers whereby single (Langmuir)
layers of suitably composed molecules, such as
stearic acid, can produce bonds between poly-
ethylene and aluminum of high strength and
durability, so that a great range of new struc-
tures can be assembled. Other _xamples are
the bonding fabrication of the lighter metals,
such as the magnesium-aluminum solders dis-
covered by Bouton a few years ago, the thermo-
compression bonds of Anderson, which with
properly applied shear stresses are able to yield
enduring bonds between metals such as silver,
zinc, and tin alloys, and inorganic and semi-
metal substrates.
Composite processing, such as in the new low-
temperature extrusion of pure metMs like alu-
minum for sheathing over thermoplastic insu-
lated cables, promises to have dramatic influ-
ence on the materials of the new urban growth.
Above all, we can expect such classic operations
as the nailing together of buildings to be modi-
fied progressively by use of quickly applied ad-
hesives, foreshadowed notably by the epoxy
polymers.
MATERIALS PROPERTIESAND CRYSTALPHYSICS
Beyond the striking new range of materials
properties that has already been implied lies a
vast domain of basic physical and chemical ef-
fects whose industrial import is now barely
visible. No doubt these, too, as broad mani-
festations of materials science, will be invigo-
rated by the great expectations of our national
space activity. Thus, a subject that we might
call phonon circuitry or, more broadly, phonon
engineering is arising from the deepening in-
sight into the lattice vibrations of crystals which
are responsible for crystal temperature and for
their thermal and other transport properties.
In the past few years, in studies connecting
sound-wave transmission and absorption in
solids with other qualities involving thermo-
electric properties (themselves dependent on
interaction of phonons or lattice vibration
waves with charged particles in crystals), and
through theoretical understanding, we have
found that a certain control can already be
devised for the transport of heat in matter.
Engineers have known for generations that
heat transfer was one of their major limits fll
the design of effective power-generating, auto-
motive, electronic, and even computing e_lnip-
ment. It is clearly a principal variable in ef-
fective space operations; 2or instance, the heat
balance in the Telstar satellite was one of our
most delicately managed qualities influencing
the control, communications, solar-cell, and
spin-stabilization designs. The time may be
coming when we can select and specify opti-
mized thermal qualities for all kinds of massive
structures as well as the tiny ones which we
now investigate and regulate.
REVOLUTIONARYASPECTSOF MATERIALSSCIENCE
Could there be impending discoveries in
science so profound that they would recast
much of our expectations and our beliefs of
what the industries covered in this part of our
consideration can do in the near future ? In-
deed, there may be. Such results could ensue
from systems of materials which possess no
electrical resistance under the conditions of use.
These are the so-called electrical superconduc-
tors known casually for five decades since the
observations of the great Dutch physicist
Kammerling Onnes, who found that at tem-
peratures approaching absolute zero, such as
those of liquid helium, many metallic elements
and some alloys would exhibit superconduc-
tivity.
However, in the past decade, B. T. Matthias
and his associates have revolutionized the re-
sources in this fi_ld by the discovery of several
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hundred intermetallic compounds and solid
solutions. Some of these, such as niobium-tin,
exhibit much higher transition temperatures
than ever before encountered in metallic sys-
tems (niobium-nitride being one of the earlier
nonmetallic cases) and its transition to super-
conductivity at 18 ° K makes cryogenic systems
easily manageable. New theoretical under-
standing, such as the Bardeen-Cooper-Schrief-
fer theory supplemented by various im-
provements, coupled with empirical rules of
Matthias, have vastly extended opportunities
in this subject. This is emphasized by the dis-
covery in the past year by Geballe and Matthias
of superconductivity in some new elements, in-
cluding the common element molybdenum,
where even 100 parts per million of magnetic
impurities such as iron had previously obscured
the desired effects.
Then the whole situation was dramatically
opened up by the findings of Kunzler that
many of Matthias' systems would remain super-
conducting in high magnetic fields. This situa-
tion was previously excluded by experience and
expectations. A new realm of superconducting
solenoid electromagnets has been achieved, and
also the most promising approach to contain-
ment of plasmas and simplified techniques for
the study of thermonuclear fusion as well as
magnetohydrodynamic power facilities have
been given a new thrust forward.
Magnetic fields approaching 90 kilogauss
have been generated in hand-size equipment
("powered" by a flashlight battery). Al-
though part of this is necessarily at low tem-
peratures, part can be operated at ordinary
temperatures. This may be an exciting fore-
taste of whole new generations of power con-
trol equipment, transformers, and perhaps,
ultimately, transmission lines. These, along
with suitable superconducting appliances,
would truly refashion our concepts of urban
development and the service industries funda-
mental to its progress.
PANEL DISCUSSION
Dr. Richard H. Brenneman: The objective of this
conference is not unlike that spelled out in the
Constitution of the United States as the obiec-
tire of the patent law: "To promote the prog-
ress of science and the useful arts." Also, as a
nation which has demonstrated the ascent to
world power and an opulent commonwealth by
virtue of its investment in applied science, we
axe justified in asking: What more will the
science dollar buy us; are we investing it wisely ;
and what of urban life, our shared abode, during
the race for space ?
Our confidence in our own inventiveness, our
machine-based technology, was inspired by the
conversion of a wilderness into a science-fiction
society in the span of a single century. Ac-
counts of the track-laying gangs for the Union
Pacific Railroad record that as late as 1869 the
men were issued not only picks, but also rifles
to figh_ off the savages. We may ask first, Is
history relevant when it tells us about inventive-
ness developing into industry._ Are the pa-
rameters that formerly were conducive to in-
creased productivity still applicable ? Also, do
the criteria by which we have measured progress
in the past continue to be applicable to the new
dimensionality that our technological capacity
and national objectives have assumed ?
The continuum between search, discovery, and
utilization is subject to many influences, and
some of these that relate to the areas of interest
of this seminar may be reviewed historically.
In communications, a useful example is teleg-
raphy. Invented in 1837 by S. B. Morse, it
served nearly every community by 1850, a delay
of 13 years. Conditions that favored its growth
must include a governmental offer of $30,000 for
a workable system, the efforts of a promoter
named O'Reilly who sold stock as fast as wire
could be strung, the literacy tradition of free
education, and the popularity of "news" papers.
Added to these were the signaling needs of the
railroads and the military along with the ex-
pectation and realization of private profit. So
telegraphy fell on fertile soil.
The telephone, invented by Alexander
Graham Bell in 1875, materialized into an oper-
ating company in 1879. Here was a delay of
only 4 years. Much of the ready exploitation
in this case was due to the experience Western
Union had acquired with the telegraph.
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An early example of another communications
device, the typewriter, was constructed by Wil-
liam Bent in 1829. In 1867, a patent was is-
sued to C. L Sholes. First efforts to market the
device were aimed at authors and ministers, and
a boom did not develop until the early 1890's
when the business-office market ripened. The
delay of 20 years in this case can be attributed
to unimaginative marketing.
In the year 1907, Lee De Forest patented the
audion. However, the high-vacuum pump was
still 3 years away, and the research urgency of
World War I was 10 years away. But De For-
est did broadcast an opera from Chicago in the
year 1910. The public "discovered" the enter-
tainment value of radio in the early 1920's.
Amateurs with their passion for crystal sets pre-
ceded the mass market by 10 years. In 1922
there were 30 licensed brtr_dcasth-_ _ations in
the United States, 15 years after De Forest's
patent.
Boris Rosing of Russia conceived of a televi-
sion system using a cathode ray tube in the early
1900's. Thereafter, Philo Farnsworth, just
turned 21, demonstrated television by means of
an image dissector in the summer of 1928. He
had read Rosing's published article. Mean-
while V]adimin Zworykin, a former assistant
of Rosing's, developed the iconoscope. Crv_
licensing agreements furthered the cause of com-
mercial television, which blossomed after World
War II. Uniquely, about $10 million were pri-
vately invested in the development of television
before 1940. Within 10 years, television and
radio accounted for a $2 billion industry, of
which TV represented the larger portion. Here
again was a typical 15- to 20-year delay from
demonstration to industrial development and
public acceptance.
In the more sophisticated area of specialized
research equipment, the historians of technology
tell us that 50 years is an average time lapse
until such equipment is reduced to standard
industrial practice.
What are the lessons that the above examples
portray ?
The first consideration is the search. Con-
gressman Miller has said that $17.8 billion will
be the annual expenditure in the United States
on research and development. That sum seems
sufficient for a great deal of looking about and
testing; yet it is not so grand when viewed as a
percentage of gross national product---approxi-
mately 3 percent. If, indeed, $10 million in de-
velopment money, as in the case of television,
can be pyramided into a $2 billion industry
within a decade, then $17 billion is more than
adequate.
But how is this money spent _ For what are
we searching._ Defense and space projects ac-
count for nearly 80 percent of the R&D. Our
dedication to national survival, coupled with
prolonged frustration with arms-control agree-
merits, hardly presages any significant reduc-
tion in defense R&D. As for the space race, this
has so captured the public's fancy and spirit of
adventure that it too will likely forge ahead.
As a sublimation of nation-state aggressivenees
and __nefl_e_tive international d6tente_ the space
race humanely incorporates its own justification.
We are left then with the alternative of (1)
encouraging more R&D on consumer-product
research, if new products are the answer we
seek; (2) improving the cost effectiveness of the
R&D effort already funded; (3) concentrating
more effort on the translation of space and de-
fense technologies into commercial industry;
and (4) looking beyond new consumer products
for economic stimulation.
To encourage more R&D in the consumer-
product area, which Commerce Secretary
Hodges describes as "badly wanting" at some
$4 billion yearly, the Government can offer in-
ducements in the way of tax advantages or low-
cost-loan guarantees. But the scientific man-
power problem represents the most severe
obstacle. Qualified scientists are in short sup-
ply, and private civilian-type research is hard
put to compete with the adventure of space
research.
The problem of insufficient scientists intro-
duces a larger and more persistent problem, yet
one which seems more susceptible of solution.
This problem is the cost effectiveness of research
and development. Do we presently enjoy an
optimum return for the research dollar spent
and the research hour invested
Improvement suggestions fl"om persons en-
gaged in research run the gamut from apply-
ing hard-nosed supervision of the investigators
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to introduciaag automation into the laboratory.
The machine will not replace the researcher but
will give him more time for investigative effort.
Also, the unique and independent professional
status of the research scientist, hiring out to
industry, has provided an insularity and defer-
ence from top management. There is almost an
idol-worshipping appreciation of the :R&D di-
vision as holding the corporate future in its
hands; thus, this division is considered to be
neither subject nor receptive to standard man-
agement controls. Combining novelty and rapid
growth, industrial R&D activity has so far es-
caped thorough cost-effectiveness analysis.
Rather_ a broad general criterion is singularly
applied, to wit: Does it pay ? We have to look
forward to greater administrative efficiency of
R&D.
With regard to transference--making avail-
able to general industry those processes, tech-
niques, and special products which have grown
out of government-sponsored R&D--a program
already launched for this purpose by NASA
shows promise and is gaining momentum. It
is likely to enjoy additional funding as its bene-
fits become more demonstrable.
The subject of transference of aerospace find-
ings draws attention to the larger problem of
exchange of information generally. An inves-
tigator is wasting valuable time if he doesn't
initiate his efforts in cognizance of all pre-
viously relevant research. A novel approach
can be very promising, provided one is aware of
the similar approaches which led into blind
alleys. How can one be certain of the originality
of his research ? Scientific communications are
now abysmal. According to a United Nations'
summary, a communication concerning chemis-
try is presented once every minute somewhere
in the world. Every 3 minutes there is a report
on physics, and every 5 minutes a report on
medicine, biology, and electronics. The UN
counts 115,000 research laboratories. An esti-
mated 50,000 medical journals publish 1,200,000
articles each year, while an equal number of
technical journals publish 100,000 research re-
ports.
Thus, information retrieval has itself become
a major research need. We can look for greater
R&D productivity when the harvesting, stor-
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age, and retrieval functions can be systematized
into total information centers.
Continuing with the links between search_ dis-
covery, and utilization, let us examine the dis-
covery phenomenon. Much of the R&D with
which we are associated falls into the pro-
gramed_ Pert-charted category more familiarly
known as the "brute force technique." The con-
cepts are already crystalized and the investiga-
tion concentrates on finding a suitable mix, im-
proving performance, miniaturizing_ and in-
creasing power or capacity. This description
does not do justice to the splendor of R&D ac-
complishments_ but the point to be made is that
the conceptualization which leads to discovery
is a creative rather than a disciplined mani-
festation of intelligence. In short, we must
have qualified scientists to accomplish an in-
vestigation, but scientists have no monopoly on
creativity. Thus, are we taking full advantage
of creative resourcefulness from wherever it
may reside in an organization ? What efforts
are made to uncover it ? Suggestion boxes only
serve to remind an organization of the crudity
of its mechanisms to elicit intelligent participa-
tion. Brains are in no wise partial to the uni-
versity graduate.
With regard to utilization, we are considering
here a confounding problem. Public accept-
ance, the ultimate determiner of the degree of
utilization, is based on a number of imponder-
ables. Fortunes are made and lost in accordance
with accurate anticipation of these factors. But
even before the public acceptance can become
manifest, or is given such chance_ _h_re are ob-
stacles to be dealt with in a free society. The
restraints applying to labor-saving devices are
legion, while bureaucratic economic and cultural
interests have also effected restraints on tech-
nology. Lobbying expenditures reflect the
power of these interests; they are estimated as
more than $1 billion yearly.
In a recent issue of a technical journal, the
complaint was made that industry is not yet
ready for the atom, that there exists a relatively
untapped nuclear-energy market which can turn
millions of already invested R&D into profit.
The restraint in this case, the author asserts, is
due to public fright about nuclear energy gen-
erally and to a lack of sufficient sophistication
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among technical managers to assess valid ap-
plications.
However, several pilot plants to utilize nu-
clear power have already been constructed and
more will be built this year. This example il-
lustrates another facet of this problem and one
to which the scientific community, industry, and
government should give attention. It can be
represented by the t_rm "full utilization." Too
often a search for new products and processes
takes precedence over expanded application of
that which is already available. The retailers
complain that since the 1940's nothing has been
developed to match the marketing impact of
TV. Yet color TV, educational TV, UHF, and
closed-circuit special-use TV are still in their
infancy.
Perhaps the printing press was the first in-
strumentation for mass production. Yet the
newspaper market was long oversaturated be-
fore paper-backed book publishing begun to be
exploited. There is not yet available a paper-
backed encyclopedia, though where is the mod-
erate-income home without a need for one?
Small refinements in processing and cost control
can result in wider application.
In a very real sense, this conference is pos-
ing the question: In light of the tremendous
expenditures on new technology_ what is the
relevance to our needs---the needs of industry
and of the city ? In short, what is going to hap-
pen to us ?
The journal of the Patent Office Society spec-
ifies 78,710 patent applications in 1955; yet de-
spite a doubling of the billions in R&D by 1960,
patent applications climbed by only 621. Per-
haps there is a time lag here which will resfilt
in a sharp increase in patent applications at a
later date. On the other hand, these statistics
offer some evidence that the space and defense
industries are not the most promising source
for generation of commercial products.
There is, however, ample cause to speculate
optimistically on the long-range benefits and
economic stimulation derivable from the
research in support of weather and communi-
cations satellites, solar-energy conversion,
nuclear-energy uses, thermionic conversion,
biomedical instrumentation, new fabricating
materials, high-reliability production, remote-
guidance techniques, and managerial and
decision-making controls.
But another issue arises here in response to
the previously posed question, "What is going
to happen to us ? The implication becomes ap-
parent by simply asking, What do we want to
happen.?
It is within our reach to emphasize the greater
expressiveness of life. Perhaps that to which
we refer as the alienation of the individual, the
lethargic indifference to politics and the busi-
ness of government, results from the frustrat-
ing sense of remoteness from the center and
function of decision making. Yet to impose
the technology of modern data processing on our
voting technique--and this is possible with ex-
isting hardware--would permit balloting to be-
come less of a ritual, and more frequent
and fimctional. We would have _mcdiate
democracy.
Before taking advantage of the heroic oppor-
tunity of using international communications
satellites as an instrumentation toward world-
wide democracy, we need to exploit the new
communications devices to close the gap (which
might be surprisingly large) between the pop-
ular will and representative voting. A case in
point is the issue raised by boxer Davey Moore's
demise. The Governor of California could only
promise that if legislative obstacles can be over-
come, the citizenry might be given an oppor-
tunity to vote on the abolition of boxing some-
time in 1964. Is such a delay commensurate
with our advanced technology in communica-
tions ?
I should like un opportunity to vote directly
on this issue, and also on Federal aid to edu-
cation, Medicare, civil-defense measures_ and
so forth. Where is the person who prefers to
write a letter to his congressman or to a news-
paper in lieu of a referendum? How are we
to amalgamate the diverse economic interests of
pressure groups more fairly than by increasing
the effectiveness of democratic processes with
up-dated communications technology ?
Th0 programing requirements to tabulate a
national referendum on critical issues are read-
ily manageable through use of the Sage system
general-purpose computers and the telephone
network existing today. The time delay would
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be governed only by the convenience of tele-
phone location. We already have more tele-
phones in the United States than voters. But
the question is, "Do we want this much democ-
racy ?"
Research and development can take us down
any road we wish to travel. If new products
are deemed as the only economic salvation, this
is the course to take. But our cities have been
victimized as much as benefited by new product
development or improved production tech-
niques. In the large cities the automobile is con-
sidered to be out of control, as is the spreading
blight of slum districts. Lewis Mumford con-
tends that our cities lack the humanist dimen-
sion and are inclined to frustrate rather than
nourish human relationships. New-product
orientation will hardly solve this circumstance.
It would seem that we have not thus far focused
on man as the beneficiary, the central value
determinant, of our science and technology. In
our efforts to construct an enviable society, cer-
tainly the construction of our cities deserves a
more dedicated and heroic effort than it has
enjoyed.
Combining the resources represented by our
idle industrial capacity and technological un-
employment would put the rebuilding of our
urban habitat well within our means. As a na-
tion we have been splendidly responsive to tasks
imposed from without, such as wars, the arms
race, and even the space race; but we have yet to
organize with equal splendor to accomplish
tasks, such as a salutary urban environment, im-
posed from within.
Howard M. Gadberry: The following remarks
will focus on the last few words in th_ title of
this seminar, "What scientific developments will
affect the transportation, communication, power
resources, and construction industries in the
years immediately ahead?"
We at Midwest Research Institute have been
conducting for a year and 'a hMf, on behalf of
the NASA Office of' Applications, a pilot ven-
ture in seven midwestern states to see whether
transfers can indeed be effected between the
space effort and general industry. We have
spent essentially 1 year accomplishing two
things to our own satisfaction. The first was
establishing that there ,are real, concrete, sub-
stantial technical developments of potential
benefit to industry coming out of the space pro-
gram; that we are assured of. The second was
to gage the degree and nature of interest on the
part of industry in availing itself of new tech-
nology. We have 1been gratified to find that
there is a warm reception. We are now involved
in the much more onerous task of bringing
about these transfers expeditiously, and here
we are confronted with the problem of trying
to compress the time lag discussed by Dr.
Brenneman.
In this context, some of the characteristics of
the transportation, communications, construc-
tion, and power industries will be reviewed, and
the technical developments that may be ex-
pected to influence these industries the most in
the next 5 years will be indicate_l. In the
ASTRA project the view is taken that unless
practical applications of technology within a 5-
year period can be foreseen, an action program
is not yet warranted. Therefore, it is literally
true that we are living on our intellectual capi-
tal. The technical developments that will have
the greatest influence in the next 5 years are al-
ready with us in embryonic form.
Transportation and construction differ con-
siderably from communications and power in
terms of structure, cohesiveness, and organiza-
tion. But all four of these industries have some
important similarities. They are all essentially
service industries; they all have a more or less
intangible product; they are all more or less
loosely connected to their customers; and, most
important, the products that they offer are what
the customer wants. Therefore, R&D efforts in
these areas are usually directed toward im-
proved economy of services--and, as we have
heard, no single advance will change the whole
structure markedly. Because these organiza-
tions _re service organizations and are systems
oriented, the greatest impact on them will be
from the application of systems-engineering
approaches.
Construction is already feeling some impact
of systems engineering through the application
of improved management techniques. The im-
provement--a slight improvement--in the man-
agement efficiency in the construction industry
was readily evident. For example, about 24
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percent of the _pplications of Pert and Pert-
cost to improve scheduling and improve relia-
bility of meeting deadlines are now being made
in the construction industry.
In addition to the expectations for the fu-
ture--and this is difficult where the industries
are loosely connected to their customers and the
product is what the customer demands--the
important feature is that there must be the de-
termination to convert an expectation into a
practical development. Therefore, the mode
with which most of these transfers or impacts
will be felt shnuld be examined.
The impact of systems engineering has al-
ready been mentioned. Here you see a reflec-
tion back into the educational system, because
systems engineering has grown largely out of
military and space requirements. Many edu-
cational institutions do not recognize the fact
that there is such a thing as a systems engineer,
and they refuse to add systems engineering to
their curriculum. Yet when the aerospace in-
dustries want to hire one, they run a full-page
advertisement in a New York newspaper and
they are besieged with inquiries because every
systems engineers recognizes that they are talk-
ing about him.
The second impact is going to be in a revolu-
tion of the kinds of products offered by these
service industries. Frequently the capabilities
for achieving a desired result are already at
hand and simply are awaiting the real demon-
stration of practical need and market. For ex-
ample, men have been shaving for some years,
and most of them have been wishing for a
sharper, longer-lasting blade. We have heard
for years about the possibility that the razor
blade companies suppressed this innovation
that would put them out of business. But just
last year a British firm found out how to make
long-lasting, sharp, stainless steel razor blades.
Within 1 year two companies have put stainless
steel razor blades on the American market.
That capability of providing a needed improve-
ment was already in their hands, or they could
not have moved so quickly. It simply awaited
the demonstration that the customer was ready
for it, that the time for the idea had arrived,
and that it was worth the effort of development.
Particularly in areas such as communications
and power, there is going to be a new look at
the products that are offered, largely in terms
of repackaging and redesign and such things
as increased unitization, portability, and pre-
packaged units. An interesting example is the
innovation, just recently in California, of the
unit-packaged freeway communications links.
This typifies the kind of thing that will be seen
in communications and power systems. Solar-
powered rechargeable cells and digital com-
munications pulse-code modulation were com-
bined and the package was placed on poles
every quarter of a mile down the freeway. By
merely pushing a button, a motorist can call a
policeman to come, and he in turn can send
other messages from the box. This is the mode
of transfer that we are likely to see--in terms
...... p..rt_1..,as shown by the _mereasing
systemization in the pipeline industry, which
isbeginning to pipe liquidcoal into California
from the coalfieldsin the Middle West; in im-
proved utilizationof power resources in port-
able packages; in job-sitemanufacturing and
preconstruction at the job site;and in the de-
velopment and application of fail-safe,error-
free,jam-proof communications.
All of these things can be brought about as
a directtransfer from some of the military and
space systems now extant.
Dr. R. F. Muraca: Some of the ways in which
current scientific developments will affect two
of the industries under study in this seminar
will be discussed here, and an attempt will be
made to predict their impact on urban life.
For the most part, the communications in-
dustry is regarded as those industrial elements
associated largely with the transfer of informa-
tion by electronic devices from one point of
our globe to another, or for that matter from
one part of the universe to another, as is re-
quired by the space age. However, I like to
expand the definition of the communications
industry to include those aspects of communi-
cation relating to the transfer of information
from person to person without the agency of
electronic devices.
For example, our current educational system
involves person-to-person visual and acoustic
transfer of information from teacher to pupil.
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Among the scientific developments which will
affect this segment of the communications in-
dustry within the next decade is the availability
of compact audiovisual systems based on closed-
circuit TV. Increased use of television in the
classrooms can be expected in the next decade;
and this will reflect on planners for urban de-
velopment, who will have to improve facilities
within the school system for the generation and
reproduction of educational television shows.
In turn, the communications industry will
profit, of course, by the sale of such items.
Another scientific development which may
significantly change the overa.ll structure of
public school systems is the teaching machine.
Current studies indicate that such machines
show great promise for increasing the rapidity
of learning of the average student and for
making it possible for one teacher to instruct
many more students than he now does. Some
people anticipate that within the next decade
every school system will have to provide for
teaching machines as an integral part of the
overall education program. If this comes to
pass, it obv{ously will affect the composition
and structure of the communication industry.
On the other hand, although studies of
learning theory thus far have not greatly in-
fluenced the methods of teaching pupils in pub-
lic schools, some recent advances in methods will
enable teachers within the next decade to in-
struct a larger number of pupils and in this
way minimize the need for teaching machines.
The communications industry as I have
chosen to define it also includes all aspects of
the printing industry. For the most part, this
segment of the communications industry will
be affected by the use of automation of produc-
tion and product distribution along the lines
already indicated by Dr. Baker. But new tech-
niques made available by the impact of space
technology may change the structure of the
printing industry.
For example, it is technologically possible at
this time to have a few centrally located news-
gathering agencies communicate news items and
reports by means of wire or microwave directly
to automated typesetting equipment. With
similar methods, it is possible to duplicate entire
books and thus eliminate shipping costs. The
impact of Xerography and other electrocopy-
ing methods in providing a multiplicity of
duplicated material need hardly be mentioned.
Information-retrieval methods, largely car-
ried out by the automated systems indicated by
Dr. Baker, will probably not have as large an
impact on urban life as they will in the fields
of scientific endeavor and technology, and on the
communications industry itself. Tremendous
problems confront the scientific world in tabu-
lating and retrieving scientific data.
Although it may not come to pass within the
next decade, sufficiemt technology is available for
the establishment of completely automated sys-
tems for maintaining city records, statistics,
and entire plats of distribution systems and the
like. It is to be anticipated that, within the
next decade, groups interested in urban develop-
ment will give serious consideration to the eco-
nomic advantages of such information-retrieval
systems, and thus the communications industry
will be involved in providing services to cities
and States as well as it now does to the Federal
Government.
Current technology concerning the possibil-
ity of augmenting human intelligence is sadly
incomplete, but it is interesting to conjecture the
impact of a sudden jump of 10 to 20 units in
the average intelligence quotient of the popula-
tion. Perhaps the major result would be that
the entire method of communication between
politicians and constituents would have to be
revised.
With respect to the construction industry,
although hopes for exciting new materials for
construction of houses, buildings, highways, and
so forth, are high and are often held as enticing
carrots for continued research projects, it ap-
pears that current scientific developments will
have very little effect on today's construction
practices. To be sure, we have available excel-
lent adhesives, polymeric substances--foamed,
cast, extruded, or laminated--aluminum, wood
composites, enameled metals, and a host of other
materials of this type which might be used for
construction. The usefulness of many of these
products has been brought out by the space age
as we know it today. But there are two major
barriers to the use of such materials. The first
is their excessive initial cost in comparison with
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common materials of construction such as wood
and stone; the second is a natural resistance to
their use, either by consumers or, more impor-
tantly, by building codes. Nevertheless_ in-
creased use of these materials in building con-
struction is expected over the next decade.
On the other hand, some interesting tec_-
n/ques for the construction of buildings, high-
ways_ and so forth have been developed to the
point where they will undoubtedly find more
use in the next decade. For example, substitu-
tion of prestressed concrete beams for steel has
already made possible the construction of earth-
quake-resistant structures such as San Fran-
cisco's thousand-car Downtown Center Garage.
It is anticipated that apartment-house construc-
tion of prestressed concrete will be common-
place in another ten years. Further; as interest
•,L ........... _ Is developed, ,'_,_,_,,¢ mathaA_
of designing prestressing machinery will be de-
vised, and it will be possible to fabricate con-
struction of a kind that we haven't seen thus far.
Within the next decade, we should also see
increased use of fire-resistant materials (prob-
ably the same kind of materials that are used
in rockets as we know them today) and of cor-
rosion-resistant metals, plastic pipes for plumb-
ing, and paints that are durable for at least
20 years. The last item alone should thrill
urban planners and even the construction in-
dnstry; for after all, what is dinner than an
old building with no paint on it ._
Returning to the matter of interesting con-
struction techniques, it is important to point
out that many of these techniques permit utili-
zation of the products of modern technology,
even though the cost at first sight appears to be
inhibiting. This comes about because the tech-
niques cleverly make use of minimum quantities
of these materials. IIowever_ most building
codes will not permit use of these techniques.
Thus; what is required within the next decade
is an extensive evaluation of both materials and
construction techniques and a rapid modifica-
tion of building codes to incorporate the results
of these findings. In this way_ the construction
industry will be permitted to substitute less
costly methods with benefit to both consumer
and the industry. Only in this way can the tre-
mendous variety of techniques developed by the
space program for shaping materials, joining
them, and finishing them be used by the con-
struction industry.
Dr. kouis Winnick: One of the minor achieve-
ments of the space age is that the science-fiction
writer has become its laureate. No longer is
science fiction relegated to rather oversized
magazines with lurid covers. Today every pub-
lisher, no matter how respectable; vies for the
product of this small and special breed of scrib-
bler who, 30 years ago, reckoned a trip to the
moon to be no more marvelous than a summer
excursion, and who could in a brisk paragraph
or two solve the most fiendishly complicated
technical problems.
A genuine talent among today's science-
writers is Arthur C. Clarke. His most recent
book, Profiles of the F_ture, would make a fit-
ting text_book for this pane!_ for much of it is
devoted to the relation between the newer tech-
nologies and the problem of urban transpor-
tation. With a practiced eye and the confi-
dence of a veteran, Mr. Clarke takes a long
look into the future, well beyond the frontiers
of current research. He reports back a rather
impressive array of new inventions. In the
foreground is the ground-effects machine, a
vehicle that propels itself about on a cushion of
low-pressure air, moving with equal facility
over land and water and making obsolete both
the wheeled vehicle and the hard-surfaced high-
way. In the middle ground, Mr. Clarke can see
moving belts and such things as antigravity.
And in the distant background stands some-
thing called teleportation; a method of trans-
porting matter by some form of communication
technology. This last I cannot explain for the
simple reason that it lies beyond my powers of
scientific comprehension.
!_r. Clarke can, like Janus_ look backward
as well as forward. Looking backward, he finds
that the most efficient form of personal trans-
portation suitable to the modem city is the
horse; a self-steering, self-reproducing vehicle
that never goes out of style. For trips of up to
10 miles; Mr. Clarke would accord the horse as
honorable a role in the transportation system of
the near future as the ground-effects machine;
which has its most useful application to trips
of more than 100 miles. Now many will say
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that the prospect of millions of machines eject-
ing blasts of air over ground areas where mil-
lions of horses have just trod does not portend
a very inviting future. At best, the blessings
of these transportation technologies would be
mixed.
But this is precisely the nature of the urban
transportation problem: each technological in-
novation in transportation from the wheel to
the automobile has proved to be a mixed bless-
ing. This is so because transportation tech-
nology directly and intimately affects the shape
and arrangement of urban areas. An improve-
ment in air-pollution controls can be regarded
as a total gain--every urban dweller will bene-
fit-:-but this is not necessarily true of a new
network of highways which brings new supplies
of residential land into the market and siphons
off from the city its middle-class white resi-
dents. Likewise, every urban dweller will be
made better off by an improvement in the tech-
nology of fire control. Indeed, the importance
of improvement in this field has been under-
estimated. It is difficult to imagine how the
modern city could function were it still subject
to the frequency and destructiveness of the
url_an fires of the 19th century. But such
unqualified gains are not the case when a new
subway line is built, for the result is a rear-
rangement of land use with benefits to some
consumers and investors and severe losses to
others.
This brings us back to Mr. Clarke's prevision
of an antigravity force that would permit man
and vehicles to be propelled in three dimen-
sions at enormous rates of speed with negligible
inputs of energy. In short, urban transporta-
tion would become very nearly costless and very
nearly timeless. Such an innovation would
have at least two major consequences. First, it
would confer upon mankind an enormous gain
in economic welfare, for mucl% if not most, of
the real cost of producing America's gross na-
tional product represents the cost of traversing
distance--the cost of moving goods and people
from one establishment to another, and, within
each establishment, from one function to an-
other function and from one machine to an-
other machine. The second consequence would
be the end of the city as we know it_ for the
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city has its economic origins in the friction of
distance. Because of gravity, distance imposes
a huge cost in energy in order to move goods
and people. This cost is only partly reflected
in the value of our vehicles, highways, and
roads; in the consumption .of fuel; and in the
wage bill of all employees associated with trans-
portation and goods-handling. There are sec-
ondary burdens. Distance also imposes uncer-
tainty costs and time costs, though the billions
of man-hours lost in the journey to work each
year are not usually computed in our economic
accounts.
The city represents man's response to the
costs and time of travel, for the city permits
proximity--the closest possibl_ arrangement of
establishment to establishment and of the labor
force to establishment. The city reduces un-
certainties by providing a fuller flow of infor-
mation, the easiest possible face-to-face con-
tacts, and the widest variety of choices of jobs
and employers, of salesmen and customers, of
services and goods.
Major and even minor improvements in trans-
portation technology lessen our dependence on
the principle of proximity and therefore make
the city increasingly dispensable.
Will the exciting prospects for transporta-
tion technology be all to the good? Will the
ground-effects machines, the electronically
guided highway, the vertical take-off plane,
the turbine engine, the Levacar, and mov-
ing roadways add to our wealth and convenience
on the one hand but, on the other, rob us of some
cherished heritage ?--for we have not yet been
able to define what we mean by the good hrban
life. Nor will we soon find a calculus by which
the costs and benefits of change can be balanced
against each other, particularly when the bene-
fits accrue to one group and the costs are borne
by another.
It must be remembered that technological in-
novations are guided by engineering principles
of efficiency and ultimately by economic prin-
ciples of least cost. However, efficiency and
least cost are not dependable guides to optimal
choices; they represent only part of an equation,
the other half of which--depending upon con-
text--contains such terms as revenue, utility and
satisfaction. Urban man has not always, per-
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haps not even usually," opted for least-cost so-
lutions. Obviously the price of automobiles
would be greatly lowered if only a single model
and a single color were produced. But the
consumer has ruled otherwise. His preference
is for cars in a hundred models and a hun-
tired colors. The number seems to be in-
creasing, and this fragmentation of choice has
added substantially to the manufacturing, dis-
tributing, and selling costs of the automobile.
Likewise the urban consumer has shown a de-
cided preference for relatively high-cost private
transportation rather than low-cost public sys-
tems. Transportation schemes which are based
on engineering principles of efficiency and which
do not take adequate account of market choices
may go astray.
To summarize this far from original warning:
improvemen_ in transportation technology, tend
to decrease the frictions of distance. Every in-
crease in vehicular velocity extends the range of
locational choice. As the network of metropoli-
tan transportation routes grows ever more com-
plete, there is a corresponding increase in the
number of places that become competitive with
the city as a location for employment and resi-
dence. The metropolitan area becomes more ex-
tended, with sprawl outside and gray areas in-
side. Perhaps, someone will say, we ought to be
willing to go back to the horse and thus preserve
what is left of the city instead of watching what
seems to be its slow demise through technologi-
cal change. This is a dilemma of the space age.
Dr. Charles J. Zwick: Two brief comments will
be made here with regard to the papers so far.
The first comment is one of general agreement
with Dr. Baker. I think the important impacts
of new science and technology will be on proc-
esses and product improvement, better products
more efficiently produced--not necessarily radi-
cally new products. There is an emotional ap-
peal in the radically new products. If we look
around, we can see a number of examples of
product improvement and more efficient proc-
esses which tend to bear out Dr. Baker's thesis.
The second point pertains to the indirect im-
pact on the national economy that will come
from expenditures on R&D approaching $20
billion annually. This impact, as it affects in-
come and employment, will in turn affect
the demand for transportation, power, and
construction.
An example can be seen in Denver, Colo.,
which has felt the impact of the defense indus-
tries. Houston, Tex., also is witnessing a slight
change in employment patterns. This total
change in regional distribution of employment
and increase in wealth in our society is affecting
the demand for transportation services, power,
and construction. To quote some statistics: In
the early thirties, the consumers spent about 9
percent of their budget on transportation; in
the late fifties, roughly 12 percerrt of their
budget was spent on transportation, and this
was with a budget that was roughly twice what
it was in the early thirties. Or, stating it
another way, during this period income essen-
tially doubled and expenditures on transporta-
tion tripled. Transportation industries had
high income elasticity. Therefore, a study of
the indirect effect of science and technology on
employment and distribution may reveal a more
important impact on these industries than a
look at the direct effect.
Certainly the whole aspect of our metropoli-
tan areas is changing as a result of a complex of
_orces. This complex is leading to problems
with public transportation that Dr. Winnick
mentioned.
To the extent that defense and space activi-
ties, with their great emphasis on research and
development, are driving and shaping our econ-
omy in terms of employment patterns and types
of industries, science and technology are having
a major indirect effect on our society. The chal-
lenge appears to be: Can we use the R&D activi-
ties directly to alleviate the problems they are
inducing, or, more positively, exploit the op-
portnnities for improvement that they afford ._
GENERAL
Robert H. Ryan: Dr. Baker indicated a certain
amount of impatience with respect to transfer
of information in the decision-making proe-
DISCUSSION
esses. He mentioned DOD and AEC, and the
fact that there had been a delay of a year in
agreeing upon something that, presumably,
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could have been agreed upon in a much shorter
time. Would he expand on that, please? Is
he suggesting a new mechanism ?
Dr. Baker: I am suggesting that more expert
and voluminous techniques be used to handle
larger volumes of information. The use of
systems analysis to focus on the essential tech-
nical problems involved in a nuclear-powered
aircraft, for example, could have resulted in
very much faster action.
Dr. Sherman J. Maiseh Is the implied assump-
tion, then, that we are misdirecting the amount
of money we are spending on research--that if
we put even a small fraction of this into sys-
tems analysis, we would get much more use-
fulness out of the work we are doing than we
are getting out of the present system?
Dr. Baker: I think I would probably be re-
flecting the sentiments of tile panelists with a
resounding "Yes."
Dr. J. Herbert Hollomon: I would like to ask
two questions of the transportation experts.
Do they see serious crises in mass transportation
or urban transportation ? If so--or if not--
what do they view as the major changes in the
means of personal transportation in the next
decade ?
Dr. Winnick: I suppose when anybody has
trouble getting home from work, it becomes
somewhat of a personal tragedy; but it is hard
to imagine crises in the usual social sense of
mass hardship over a rather brief time period.
It is hard to find convincing evidence that we
face such a prospect at the moment. When a
heavy snowstorm blocks some major commuter
roads in the New York area, where dependence
upon commuter roads is quite heavy, the city
goes on functioning reasonably well--perhaps
to everybody's astonishment. It is a little hard
to define "crisis."
Your second question, about personal trans-
portation, I would refer to people better quali-
fied than myself. My own instincts tell me that
probably we are going to get a lot more of the
same, probably a little better designed cars and
better designed roads, rather than a major in-
novation that would revolutionize traffic modes.
Dr. Muraca: I would basically agree with
what Dr. Winnick has said. If performance is
measured in terms of elapsed time, certain
things in most major cities in the United States
are getting better, not worse. So there is no
crisis in this sense. There is one, I think, in
the sense that the public transportation systems
that now exist are in trouble, and there is a need
for some sort of public transportation system.
Cities are changing; they are undergoing
major redistribution of employment patterns
and residential locations. One group that is un-
happy with this redistribution of activities feels
that most of the blame can be put on the trans-
portation system and therefore has an incentive
for improving the transportation system. But
as they improve the transportation system, they
are probably hurting the urban form they want,
rather than helping it.
If travel were instantaneous and costless,
other factors, including personal ones, would
have more influence on the locations of employ-
ment and residence. As transportation is made
more and more efficient, employment and resi-
dence will be driven in opposite directions.
The crisis is more concerned with this question
of urban form than with urban transportation.
Dr. Hollomon: Then I deduce that neither of
you think that, in the transportation business,
there will be any substantial effect on its char-
acter, form, or nature resulting from military
or space R&D.
Dr. Zwiek: Yes, substantially, there should be.
Things are getting better. George Hoffman in
his study of the automobile predicted a 20-per-
cent increase in efficiency over the next decade.
Sumner Myers: I think part of the problem
here is an inability to define the transportation
problem. When Dr. Winnick was asked what
he meant by crisis, the parameters were not
laid out. Nobody has referred to "user satis-
faction" as a measure for optimizing. It has
only been equated to speed. But there are
studies which indicate that congestion actually
produces a measurable user dissatisfaction.
We know that, congestion can be eliminated by
some of the systems and techniques that have
been developed. There are ways of solving that
kind of transportation problem without neces-
sarily blowing the city apart.
John Brahtz: I am particularly thinking of the
heavy construction industry, the one that is in
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the hands of the professional engineers Much
of the material that was mentioned by Dr.
Muraca has been available for some time. Why
is it not being transferred into heavy construc-
tion ._ Is there something, for instances that the
professional engineering group should do ?
Dr. Mutate: One of the biggest problems, of
course_ is in utilizing the material in its most
economic form. As I pointed out, in general
a bridge is built in a certain way. It must have
a strength factor, a safety factor of so much.
Those rules may have to be changed in the
future to allow utilization of other materials.
For example, the process of spinning rocket
cases out of a glass fiber and epoxy might be ex-
tended to the building of bridge cables, but I
wonder if our bridge-building code would per-
mit it _. We have to change our complete con-
cept. Although these materials are available,
they can't be used unless the old rules are
reconsidered.
Mr. Btaht_: I realize that_ and I was wonder-
if there is something the professional engineer-
ing groups should do to orient themselves to
these developments in technology so that they
will be more receptive to them and incorporate
ti_ese new developments into their products.
Dr. Mutaca: I think that is the major prob-
lem. It is almost the same problem as the
technological transfer of information. When
you were a student in college, all the informa-
tion was in the book and you still could not
solve the problem. Now what do you do ? I
do not really know the answer; the problem
implies a transfer of what an engineer knows
to a building inspector or city fathers.
Mr. Brahtz: Would you agree, though, that the
responsibility for this transfer lies with the
professional engineer ?
Dr. Muraca: Indeed it does, as a matter of
education from the technical plane to the non-
technical plane.
Mr. Morrish: Anybody who has tried to change
building codes in a small way knows the
problem.
Congressman Je_ery Cohelan: I was intrigued
by Dr. Baker's reference to the ANP program
which has been abandoned after expenditure of
some billion dollars of research money. This is
a military research and development program,
and I am wondering if what he is suggesting is :
With the proper application of these teclmiques,
would we have abandoned the program sooner ?
Dr. [laker: Yes, preferably before it was begun.
Of course, the elementary demands for simu-
lation-for scaling of new and elaborate sys-
tems like that---were never accomplished.
Schemes for these are available now_ and they
certainly must be applied in the future_ The
commitment to the impossible, if the laws of
nature or our knowledge of them decree that
it is impossible, is a heroic quality of our society
but not a particularly productive one.
Dr. Harmer E. Davis: We have heard in recent
years that the transportation problem may be
ameliorated somewhat by the substitution of
communications for physical transportation. I
wonder i_ the communications and transporta-
tion experts would briefly discuss this.
Dr. Winnick: In some of the large cities in the
country, some of the major remaining sources
of economic strength in manufacturing are in
the communications industry. That is, New
York and Chicago have sizable newspaper pub-
lishing and magazine publishing activities.
These are bound to the city for a good many
reasons. However_ utilization of some of the
tc_lmological innovations in communications
which would make facsimile production on
automatic typesetting machines quite possible
could strike another economic blow at the large
city as we know it.
In many ways communication and transpor-
tation are the same thing. They both involve
transference over space of something--of some
information betwee_ two people or two estab-
lishments. Improvements in communication
would have almost the same force as improve-
ments in transportation_ although the changes
might be differently distributed.
Telephone improvements and the jet airplane
have made it possible for headquarters of manu-
facturing corporations to pick and choose their
cities more freely than they had before. As
a result, the large office-building construction
in the postwar era has been far more selective
than in previous decades of urban history. Al-
most any city of any size in this country has
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in its center an office building plant as an in-
ventory of office space. The cornerstone, or
just the architectural style, of most of these
buildings indicates that they were built in the
first decade of the 20th century or, in some cases,
in the early twenties. Since 1945, substantial
amounts of office construction have taken place
in only a few cities.
It seems to me that communications would
have, in the long run, the same tendencies as
transportation changes to reduce the needs for
clusters and aggregations of establishments.
SEMINAR B
Can New Space and Scientific Technology Be Applied to Basic
Community Problems of Water Supply, Air Pollution,
Public Health and Safety, and Sanitation,?
Chairman: STANLEY E. McCAFFREY, President,
San F_nci_o Bay Area Council
PRESENTATION BY 
DR. KARL W. WOLF, Director, Special Studies, Korth American R e  
search Corporation. Fonnerly : Project Manager, Xanagenient Re- 
search Division, Armour Research Foundation ; Industrial consultant 
for nen- product developiitent : Lecturer and Director, Industrial Re- 
search. Uuiversity of Muenster. West Germany. 
ster (MA, PhD) . 
Unirersity of Muen- 
PAN ELI STS 
IAUIS B. C. FOSG, Dirertor, Office of Technology Utilization. SASA : 
Colonel. Air Force Rewrre. .Fonner!y : Program Director. Diamond 
Ordnance Fuze LalroratoF : Project Manager. several Arniy and Air 
Force Missile Iirojects in electronic fusing systems. JIassachusetts 
Institute of Technology (BSEE)  ; George Washington Unirersity 
( 3IF:A). 
DR. ROBERT A SOLO, Director, Project CARMRAND, Xational Plan- 
ning As.wiation. Formerly : Economic Consultant, Econoinic Derel- 
opment Administration, Puerto Rico : Faculty member, City College 
of Sew Tork, McGill University, Rutgers Vniversity, and University t& ip 
of Michigan. Harrard University (BS) : American University 
(Mil) ; Cornell University (PhD) . 
ROBERT D. BTGHER. Executive Director, American Public Works As- 
uorintion. Fonnerly : Manager, Municipal Purchasing Serrice ; Sec- 
re tnv .  M ichigan Municipal Utilities Association : Dirwtor, Public 
Administration Service. Purdue Vniversitp (BS) : University of 
Michigan (3IPA). 
I)R. \ V . I R R E ~  J. KarrFv AN, Profemor. Sanitam and Radiological En- 
gineering. Univerfity of California. Fonnerly : Faculty member, 
Jfassnrhusetts Institute of Technology : Consultant to U.S. Publ_ic 
Health SerT-ice. General Electric Company, Governments of France, 
Belgiuni. and Japan ; Chairman, Coordinating Committee for R e  
search on Disposal of Radioactire Wastes. AEC. Cnirersity of Cali- 
fornia (BS) : Massachusetts Institute of Technology (SM, ScD). 
RE\JAXIS LISSKT. Control Officer. Bay Area Air Pollution Control 
Di4trict. Foriiierly : Director, Air Pollution Control. Detroit ; Super- 
visory Engineer, Detroit Smoke Abatement Bureau ; Detroit Safety 
I n q w t o r  : Faciilty nieinhpr, Wayne Vnirersity, Stanford Uxirersity, 
and T-nirersity of California Extension ; Consultant. U.S. Public 
Health Service. Wayne Unirersitr (BS) : 1-nirersity of Michigan 
( NSE ) . 
CAN NEW SPACE AND SCIENTIFIC
TECHNOLOGY BE APPLIED TO BASIC COMMUNITY
PROBLEMS OF WATER SUPPLY, AIR POLLUTION,
PUBLIC HEALTH AND SAFETY, AND SANITATION?
Dr. Karl W. Wolf
To unfold the scope of the areas to be covered,
one can cite a whole gamut of urban operations.
Examples include sewage and refuse disposal,
insect and rodent control, institutional mid in-
dustrial hygiene, the sanitation of pubiie con-
veyanees, noise control, and so forth. It is ob-
vious that to cover the topic in a meaningful
manner, one must make a selection.
We have decided to concentrate for this pres-
ent.at.ion upon the areas of water supply, waste
disposal, and air pollution. Not. only do these
areas constitute by far the most sizable opera-
tions within a community, they also present the
major problems for future de_-elopments. Fur-
thermore, in a very basic way they affeet most
of the subjects that. will not be covered. For
example, water treatment and sanitary waste
disposal are major weapons in combating com-
municable diseases. Despite selective emphasis,
however, this presentation still can only be sug-
gestive rather than definitive. Many of the
ideas presented in this talk have ,been collected
in the form of notes over long periods of time.
Because of sex-ere time restrictions, it was not
possible to trace and identify the respective
authors.
DESCRIPTIONOF THE AREASOF WATER SUPPLY,WASTE
DISPOSAL,AND AIR POLLUTION
We begin with a brief survey of the charac-
teristics of these areas. While transportation
and eomnmnieations could be classified as the
nmscle of an area, water and waste disposal may
be referred to as the stomach and the digestive
system. To conclude this picture of human
analogy, air would be associated with the lungs.
As in the human body, as long as these organs
work well, their existence is rarely noticed.
When, however, one of them malfunctions, the
whole system is .affected; it may be even in
danger of ;breaking down completely.
Wafer Supply
Water is vital to the life of people as well as
industry. In 1960, at a population of 180 mil-
lion people, the total U.S. water consumption,
including industry and agriculture, was esti-
mated at 3"25 billion gallons per day. By 1975
the population is expected to rise to 230 million
people and the water consumption to about 450
billion gallons a day. This brings us within 10
percent of using up all the normal water supply
available. By 1980-85 water demands are fore-
east to exceed natural water supplies. By then
we must reuse water or convert water from the
oceans on a large scale. This is the national
picture.
Water needs vary widely on a geographic
basis. A recent sum, ey gives figures for various
American cities ranging from 35 to 528 gallons
average daily consumption per capita. The na-
tional average is forecast to reach 170 gallons
per capita per day in 1975.
The investment in water facilities is sizable.
The average capital investment is estimated at
about $125 per capita for recent systems, with
distribution facilities accounting for about 60
percent of the total investment. For example,
cities with a population of more than 500,000
average about 1.5 miles of water distribution
mains per 1,000 persons; cities with a population
of less than 10,000 people average about 5 miles.
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Current water treatment methods can be
categorized into three major groups:
(1) Clarification by screens, sedimentation,
and/or coagulation,
(2) Filtration mainly by sand and gravel
and/or pressure filters,
(3) Disinfecting methods by chlorination or
ultraviolet radiation.
Waste Disposal
Waste disposal covers two distinctly different
kinds of operations : sewage disposal and refuse
disposal.
Sewage dlsposaL--Sewage refers to waste
waters from occupied areas. Even when highly
concentrated, sewage contains less than 1 per-
cent of solid matter. Three kinds of sewage
generally are found in a community: sanitary
or domestic sewage, liquid industrial wastes,
and storm sewage. Liquid industrial wastes
make up 50 percent of the total sewage in some
communities.
Sewage generation is closely related to water
consumption since 60 to 80 percent of the indus-
trial and 85 to 95 percent of the domestic water
consumed becomes sewage. Thus, with increas-
ing population, the sewage disposal job gains
in magnitude; and according tothe U.S. Public
Health Service, nearly half of the existing com-
munity sewer facilities are inadequate, or out-
dated.
Sewage disposal costs are roughly equal to
those concerning water supply. However,
within the system, sewage treatment accounts
for a larger share of the total costs than does
water treatment.
While municipal sewage treatment is making
great strides, nonetheless 25 percent of the liquid
wastes are still dumped as raw sewage into the
Nation's waterways and another 31 percent are
given only primary treatment. At present,
sewage disposal methods consist mainly of:
(1) Dilution and sometimes irrigation,
(2) Screening and sedimentation methods,
(3) Activated sludge and related processes,
(4) Sewage disinfection by chlorination.
Re/use disposaL--Refuse concerns the solid
wastes that result from the processes of urban
life. Refuse comprises a number of solid waste
categories, the most important of which are gar-
bage and rubbish. Garbage refers to food
wastes while rubbish covers combustible items,
such as paper or wood, and noncombustible
items including metal cans and glass.
The quantity of municipal refuse collected
varies widely, ranging from 1.4 pounds per
capita per day in the summer to 5.1 pounds in
the winter. The yearly average for all refuse
combined is given at about 2.2 pounds per capita
per day of which about 55 percent is estimated
to be garbage and combustible rubbish. With
increasing wealth, the amounts of solid wastes
that will be accumulated will be monstrous.
The cost of collection of solid waste is an ex-
tremely large share of total costs. The average
annual per capita cost of refuse collection
amounts to more than $4.00. The average for
the actual disposal is only about $1.00 or 20 per-
cent of the total. Various methods are used to
dispose of the refuse produced. Many of these
methods are rather archaic but inexpensive.
They include open dumps, sanitary landfills, in-
cineration, hog feeding, composting, and grind-
ing with subsequent disposal through the sewer-
age system. It is estimated that by 1965-70,
about 50 percent of the garbage will be disposed
of by grinding.
Air Pollution
Air pollution is the contamination of the at-
mosphere by smoke, dust, gases, vapors, fumes,
and mists. The average person daily eats about
28/_ pounds of food, drinks 41/2 pounds of water,
and breathes 20 pounds of air. He can postpone
eating and drinking, but he cannot postpone
breathing.
Air pollution is called the "sin of emission."
It affects almost everything in our environ-
ment--from clothing, skin, and lungs to metals
and paints. The price of air pollution is ex-
orbitant. At present, total cost in the United
States is estimated between $7 and $9 billion; in
1949 total damage might have been around $2
to $3 billion. Air pollution thus far appears
to be one of the scourges of civilization.
The automobile is said to contribute about 25
to 40 percent of all contaminants, the remainder
coming in the form of soot, gases, and ashes
from industry and to a large extent from the
activities of the general population. Normally,
the air acts like a giant sewer. Today two
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choices are given: one, not to overload this
sewer; and the other, to increase its efficiency.
ANALYSIS OF RELEVANT SCIENCE AND TECHNOLOGY
Many people agree that science and technol-
ogy are the most effective instruments for the
creation of wealth and power in the modern
world. What then is science today ._
Today, science is widespread, is a large scale
operation, and is systematically used and ap-
plied. Scientific activity is broken down into
basic research, applied research, and develop-
ment. Basic research produces the knowledge
of why and how; it is explanatory and descrip-
tive. Applied research investigates and demon-
strates feasibility; it answers the question of
how knowledge can be used for given purposes.
Development executes feasibility on a scale out-
side the laboratory; it reduces the findings of
the laboratory to practice. The result of de-
velopment is technology; the result of basic and
applied research is knowledge.
In order then to analyze science and technol-
ogy with respect to water supply, waste disposal,
and air pollution, we must look at these three
categories of science. Time did not permit a
comprehensive "fishing tour" through the vast
ocean of science. Furthermore, only few of the
items can be given briefly at random. A strictly
scientific discussion will not be attempted.
Basic Research
The areas of basic research appear to present
a rich hunting ground indeed, especially in the
fields of research into the structure and trans-
formation of matter and of life.
Life sciences research.--The discussion of
areas in basic life sciences research in this pres-
entation deals with cells, viruses, bacteria, and
enzymes.
CELL RESEARCH is an excellent example of
basic research; for there is one universal prin-
ciple of development in the elementary parts of
organisms, however different they may be, and
that principle is the formation of cells. Cells,
themselves, are organisms. Animals as well as
plants are aggregates of these organisms ar-
ranged in accordance with definite laws. Many
of the pollutants and elements of water, waste,
and air belong to this group of matter--so also
do many of the potential remedies. If large
numbers of small molecules could not link to-
gether to form big ones, life as we know it
would not exist. Processes of this kind go on
continuously in living cells and we depend upon
them for many materials of natural origin:
food, wool, cotton, cellulose, and so forth. We
depend upon these processes also for changes in
and the destruction of many natural materials.
Despite heterogeneity in the starting materials,
however, the materials made by cells follow
set patterns very closely. The process control
effected by cells has been more exact than can
be achieved at the present time in the labora-
tory-for example, in polymer chemistry.
Thus, if we could employ the processes of liv-
ing cells, a great advance would have been
made. Cells are formed by division of pre-
existing mother cells. The death of the individ-
ual cell does not -".... 1--^ _"]" in 0" .... *; ....
ity of life. If the processes of cell generation,
heredity, and mutation were better understood,
new approaches might be developed for a self-
sustaining process of removal or utilization of
waste materials in water or air.
Vn_SES are smaller than normal cells and
are parasitic upon them. They experience two
stages of life, an extracellular or dormant stage
and an intracelhilar or reproductive stage.
Outside the host cell, the virus has no measur-
able metabolism and is apparently inanimate.
When in contact with a suitable host cell, the
virus becomes attached to the cell surface, dis-
appears inside, and reappears some time later
after having multiplied manyfold. In doing
so, it frequently kills the host cell. A virus does
not seem to have energy of its own; it must at-
tach itself to a suitable host and use his energy
to function. An essential feature of a virus
infection is the entry of the genetic material of
the virus into the cell and the direction of the
metabolic machinery of the cell to make virus
constituents. The virus supplants the genetic
control of the cell's biosynthetic machinery and
robs it of its normal source of information. It
is an almost perfect transformation of organic
matter and is self-perpetuating. The question
arises whether harmless viruses exist or can be
bred which would eliminate unwanted cells or
cell residues from our environments by simply
mutiplying themselves.
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BACTERIA perform a similar operation. They
also are examples of unicellular organisms.
When they successfully invade a cell, however,
they merely rob it of its raw materials and use
the cell as an enriched medium for growth. At
the present time, several oil companies are al-
ready investigating and breeding bacteria
which feed selectively upon certain elements in
low-grade petroleum, thereby refining it. In
addition, these bacteria are also excellent pro-
tein cencentrates, comparable in nutrient value
to fish and soya cake. These bacteria not only
perform a very valuable service, they may even
be used afterward with significant commercial
benefits. Finally, research on bacteria cell
walls presents another area from which we may
derive benefits for managing our urban affairs.
Cell walls prevent unwanted compounds from
entering; yet on the other hand, nutrients and
waste products must penetrate if the organism
is to survive.
E_gzv:gEs act as catalysts for most of the
organism's metabolic reactions. They are one
of the basic classes of chemicals in the body.
Enzymes thus far are known to serve only one
function: they speed up the chemical reactions
tremendously. A reaction that might ordi-
narily take hours to occur, or that might not
occur at all, can happen in a split second in the
presence of an enzyme. Mastery over the en-
zymes may lead to fast, continuous processes for
water purification as well as waste disposal.
Matter related research.--Matter related re-
search in the past has been largely focused upon
the production of nuclear energy and on the
structure and use of radioactive isotopes. A
third area concerns radiation, and it is coming
up fast. Radiation to promote useful changes
in materials may eventually turn out to have the
greatest impact on our lives. In air pollution,
for example, it could lead to the development of
active converters versus the plain contaminant
removal process frequently used now. Trans-
formation of matter by radiation thus may turn
a plague into a blessing by controlling the cli-
mate of our immediate environment for health
or pleasure purposes.
Compared with chemical treatments, radia-
tion has the following advantages: (1) tempera-
ture is no longer an important factor; (2) the
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reaction is readily controlled by the intensity of
the radiation and the time of exposure; (3)
radiation can be carried out in closed vessels and
pipes; (4) no chemically reactive species need
be incorporated; (5) it can carry out reactions
in solid state; and (6) the final product is much
purer.
Radiation already is used extensively for
sterilization purposes. Sterilizing soils by
chemical means, prior to planting, costs about
$300 to $500 per acre. A portable nuclear reac-
tor can do the same job more effectively for
about $70 per acre. In addition radiation ma-
chines that work as an electron accelerator are
already used for sterilizing drugs and cosmetics
and for preserving and processing food. Such a
machine costs about $60,000 at the present time.
Basic research in geology and _n light.-
Other areas of interest in basic research concern
geology, geochemistry, and geophysics. Ques-
tions such as these arise: Can underground
nuclear blasts be used to improve underground
water collection and storage? Can they be used
in waste disposal ? Can they aid in the genera-
tion and utilization of sewage gas ?
Within 25 to 30 miles of the earth's surface,
the temperature is hot enough to melt rock.
Deep mines--and the deepest ones are not even 2
miles below the surface---cannot be worked
without special apparatus to dissipate the un-
bearable heat. Geysers are produced when cool
water from the surface of the earth filters down
to the hot rocks below where it is converted to
steam. Geological mechanisms such as these
perhaps may be used to convert sea water into
potable water or to transform waste. Knowl-
edge about geological mechanisms and about
water and waste conversion will help to give an
answer.
Finally, lasers with their capability for modi-
fying light might provide another versatile in-
strument for solving our problems. Many of
the dangers of air pollution, for example, are
created by photosynthesis, by chemical reac-
t.ions through light. The thought comes to mind
whether the intense light energy of lasers could
be used to effect additional--in this case bene-
ficial-photosynthetic processes. Currently,
fluid lasers are under development which prom-
ise to supply tunable laserlight, thus providing
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a selection among a variety of light wave-
lengths.
This concludes my highlighting of some basic
research areas with respect to urban problems
in water supply, waste disposal, and air pollu-
tion. Only a few areas were covered--and
these, briefly. The discussion thus far has not
produced a definite answer to whether science
can be applied to urban problems. Dealing in
the realm of basic research, nothing more can
be expected. However, I think one thing has
become clear--that the current work on the
frontiers of scientific knowledge does offer a
fertile field for identifying application oppor-
tunities with respect to solving problems in
water supply, waste disposal, and air pollution.
Applied Research and Development
Applied research and development are treated
together since frequently both go on simultane-
ously for a given field. Developments in one
section may lead to applied research in another;
and applied research is always conducted with
specific developments in mind.
Cryogenics.--This term refers to the physics
of extremely low temperatures. The question
arises whether cryogenic or similar processes
can be used in the separation of solid wastes. It
has been found that materials become brittle at
different degrees of low temperature. Being
brittle they fracture easily and can be pulver-
ized. The application of succeeding low-tem-
perature gradients thus may aid in separating
metals and glass from organic and similar
materials.
Plasma physics.--Plasma-arc steelmaking
uses argon gas heated to plasma temperatures.
As the plasma expands, it emerges from a nozzle
in the furnace as a high temperature jet with
temperatures up to 60,000 ° F. The price of a 1-
ton unit is about $100,000 at the present time.
The question: Could plasma-arc techniques be
used to convert sea water and sewage into pot-
able water and perhaps even furnish simultane-
ously steam for electricity a_d other purposes ?
High-temperature chemistry made possible by
the availability of various kinds of plasma jets
and the high temperatures may lead to even
more enticing methods of matter conversion
with which we are primarily concerned here.
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Chemonuclear reactor for air pollation con-
trol.--A new type of chemonuclear reactor cur-
rently is under design. The reactor will be a
vessel containing extremely thin corrugated fuel
elements that give off radiation to interact with
certain chemicals passed through the vessel.
The initial goal is to develop a reactor that will
convert atmospheric nitrogen to fixed nitrogen
for use in making nitrate fertilizers and nitric
acid. Ultimately it may be feasible to produce
oxygen from carbon dioxide in reactors small
enough for space voyages.
Foam fracti_nation.--Laboratory studies
have shown that foaming removes not only the
detergents from the waste water, but _lso sub-
stantial amounts of solids and organic wastes.
This method, which favors continuous processes,
lends itself best to the separation of complex
and chemically unsi_ble _uo_t_o.-"t'_*..... ._T_" _Q._
especially useful when the concentration of the
solute is low. Foam fraction.ation has already
been used for decontaminating radioactive
waste.. Application of the foaming principle
could help to solve the detergent problem.
Causing the detergent molecuIes to continue
foaming with the help of just plain air bubbles
results in collecting not only about 95 percent
of the detergents but also of other contaminants
that may be in the sewage. Experts say that
the bubbles soon collapse after _='r_g drawn
away and that the remaining liquid is easily
treated and can even be dumped into any river
without causing obnoxious foams.
Ultrasonic devices.--The ultrasonic device is
another category of a promising approach to
water, waste, and air pollution problems. Ul-
trasonic waves can destroy materials as well as
coagulate them. In air pollution, they have
been proven to remove many of the solids that
normally are blown out of smoke stacks. They
also can solve foam problems in most situations
where chemical defoaming agents are too costly.
Typical operating costs for some of the newer
devices are about 2 cents an hour when air is
used as the driving medium. In one example,
approximately 60 cubic feet per minute of foam
has been collapsed per transducer, each being
operated on 10 cubic feet per minute of air. In
this application, the electrical energy required
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for supplying the air costs about 1 cent per
hour.
Vi_zyl honeycomb cubes.--Vinyl honeycomb
cubes have been suggested to replace heavy
layers of sand and rock in a new technique for
the removal of dangerous industrial wastes from
water. The units are light enough to be stacked
vertically and their great surface area allows
rapid growth of the bacteria that destroy waste
materials.
Many more examples of applied research and
development products can be named. They
include miniature type engineering, cold cathode
electron guns, bridging agents for _settling fine
suspensions fast, and the use of extremely large
nuclear reactors. It has been calculated, for
example, that the use of very large nuclear re-
actors for sea wa_er distillation could turn out
1 billion gallons of fresh water a day at 10 cents
per 1,000 gallons. Again, the examples pre-
sented give but a skimpy cross section of the
many technological possibilities that might be
used for making our cities more habitable. It
appears that we have the capacity to construct
urban environments at will.
CONCLUSIONS AND RECOMMENDATIONS
It is obvious that the conclusion of this brief
analysis is that space and new scientific tech-
nology can be applied to the problems of water
supply, waste disposal, and air pollution. Con-
sequently, the recommendation is to investigate
science and technology further, to use it, and
to do both with great determination. The ques-
tion is how.
In starting, two ways may be suggested'--
the first concerning cost reductions for present
systems and the other dealing with break-
through type investigations. For both ap-
proaches, one naturally would suggest the ap-
plication of system methods to obtain well
integrated results.
But the key question remains: What is the
system supposed to do ? In other words, how
do we want to live, and, even, what really do
we individually want to become and what kind
of environment or city is necessary to our
growth ?
In contrast to their utilization in the space
program and in defense, science and technology
must be seen within the framework of socio-
economic systems in the metropolitan sphere.
Science and technology here are genuinely en-
abling factors, which, when properly planned,
can lead to a maximum freedom of choice. Con-
sidering interdisciplinary approaches as well as
the impact of science and technology across all
kinds of metropolitan aress and functions, it
becomes clear that partial, halfhearted planning
cannot encompass the range of choices which
our technology and wealth theoretically can
make possible.
This realization that our problems can only
be solved on a revolutionarily large scale means
that a whole range of values now becomes a mat-
ter of social policy. Comprehensive planning
will be necessary in a different sense of the word
than it is used today. Key elements in this new
type of planning require the contributions of
the philosopher, the statesman, the visionary,
the scientist, and the artist who is capable of
transforming the concepts and goals into the
physical shape of urban architecture. Such
planning might demand technical, economic,
and administrative means not yet in existence.
Comprehensive planning, furthermore, must
incorporate to some degree a revival of Utopian
thinking as an intellectual challenge in order to
identify the numerous possibilities of metropoli-
tan life. First, in the two-phase new planning
approach, the planning team must deliberately
divorce itself from narrowly practical consider-
ations. It must forget about pragmatics and
address itself to the potentials of the urban en-
vironment, since the ideas of the future influence
to a great extent what the future will be. Crea-
tive foresight and planning go beyond experi-
ence. Together, they not only copy the past;
they also combine past elements in new ways
to construct better fitting results and they also
introduce a host of new factors.
Planning is characterized alone by its for-
ward look. It is, however, much more than
prediction--it means shaping the future as one
wants it to be and is capable of making it.
This, then, leads us to the incorporation 6f
"the existing" or, in other words, the experi-
ences, and to the second phase of the new plan-
ning approach. IIere the dream or the idea is
transformed to the attainable. Here, the more
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powerful the organization that implements and
the more comprehensive the plan, the greater
the chances of success because the more factors
can be kept under control.
We do not leave, for example, the matter of
defense or space research solely to private in-
dustry or to groups and associations dealing
with foreign affairs. It is done in a tremendous
cooperative effort in which professional military
men and government scientists lead in the pro-
jection of systems requirements, the subsequent
identification of inventions, and the conse-
quently needed research. An interdisciplinary
group of men must first identify the funda-
mental questions to be answered before gen-
uinely "practical" or completely fitting solutions
are possible.
The same should be done for solving metro-
politan problems, especially in the utilization of
science and technology. Both are ambiguous
and can be made to serve a variety of often non-
compatible needs.
Recommendations follow easily on the basis of
the foregoing discourse.
(1) Basic research concerning metropolitan
life and metropolltwn policies. Conduct a com-
prehensive socioeconomic system analysis of the
metropolitan area as a matter of basic research
in order to establish a metropolitan theory in
which the very why's and how's of metropolitan
life are identified, measured, and integrated.
This analysis should not only synthesize the
findings of many of the urban and metropolitan
studies already conducted but also incorporate
methodologies and findings from relevant other
disciplines. For example, it must concern itself
with identifying optimums in the geographical
distribution of socioeconomic activity on a na-
tionwide or even worldwide basis.
As a result, parameters for forecasting and
"gaming" metropolitan developments and their
interaction may be obtained.
(2) Provide for coura_Te in new planning
pilot studies. Commission in the way of pilot
studies a truly comprehensive planning of one
or more metropolitan areas without involving
metropolis related authorities on the sponsor
end. In this way, the metropolitan challenge
can be taken on without any risk on part of the
officials who are accountable to the public.
On the other hand, carefully selected teams
would be given the chance to proceed really from
scratch as far as the development of ideas and
concepts is concerned. In the second phase of
such a study, ideas and experience would be in-
tegrated according to the planning concept out-
lined above. Only if we understand and can see
our metropolitan potential will we insist upon
the reorganization of our means.
If such studies could be commissioned for
more than one of the existing metropolitan
areas, the factors of individuality could be dem-
onstrated more strikingly; for example, what
will and can San Francisco-Oakland versus Chi-
cago or New York be 20 years from now ? What
is their function within the framework of socio-
economic activity within the United States and
the world, and how best can it be expressed ._
(3) Cape "_..... 7 of _,_._a_. tee, h,noloozt.
Select a city in which possible applications of
science and technology can be perfected in pilot
applications and demonstrated for the benefit of
other cities.
In this city, a permanent center for the devel-
opment and application of technology to metro-
politan problems should be located. It also
should serve as an urban research clearinghouse.
Simultaneously, this center could be used for
educational purposes of future officials and
planners.
(4) The world is yours. Study systemati-
cally foreign science and experience in city plan-
ning and metropolitan technology. Socioeco-
nomic research abroad enjoys a high reputation.
In other countries, many agencies, associations,
and publications with well-qualified research
staffs do exist which concern themselves with
urban phenomena. They too might be working
on problems with which we wrestle.
(5) In research too, money is coined "power
and freedom." Investigate alternatives for fi-
nancing metrooriented research on a perma-
nent, integrated, and sufficiently large basis.
Research to bring results needs organization,
permanence, and drive. The best example is
NASA.
The operating expenditures of cities cur-
rently amount to $12 to $14 billion annually;
the annual expenditures of all local govern-
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merits are estimated in the neighborhood of $36
to $38 billion. The operating of our urban
areas is big business. It should and must be
possible to allow research, more than ever be-
fore, to contribute to the solution of our metro-
politan problems.
PANEL DISCUSSION
I.ouis 8. C. Pong: It is interesting to note the
parallel between the community problems and
the areas of study by the NASA scientists on
closed ecological systems. Both are involved
in the study of water supply and purification,
of air supply and pollution, of waste manage-
ment, and of sanitation and safety.
In the problem of water pollution, we are
familiar with the fact that certain modern de-
_rgents contain phenolic structures which are
not apparently degraded by the bacterial filter
beds of the soil. We are hoping that NASA
in its study of biological purification of water
might be able to come up with results that am
applicable to a current problem in some com-
munities---leftover detergent that has shown
up in the water supply.
Of interest is the experience of an industrial
plant in Bound Brook, N.J., which has the
rather difficult task of treating hundreds of
thousands of gallons of waste water per hour
before dumping it into nearby rivers. The
present system is to dump a bacterial sludge
into the impure water which biologically de-
grades its chemical impurities. It is hoped that
some of NASA's work may have projections
in the purification of waste water from indus-
trial plants.
In the problem of air pollution, NASA is
working on the use of algae to remove carbon
dioxide and other contaminants from the air
in space cabins.
In waste management we need the help of a
physiologist, because we would like to convert
the waste into life sustaining components.
While we may not, in our community problem,
be forced to go as far as a conversion, certainly
we may learn something in the area of waste
disposal from this work.
In the area of safety the cushioning we must
give our astronauts might find some applica-
tions to our safety problems hem on earth.
Dr. Fred Singer of the Weather Bureau made
a prediction that in the very near future the
Weather Bureau might be able to forecast
weather a year in advance by using the data re-
ceived from meteorological satellites. This
would be most useful in cases where we could
foresee a drought and be able to take preventive
measures ahead of time.
Finally, another example came to my atten-
tion very recently from NASA's Langley Re-
search Center. It concerns the study of the
emission and absorption of sunlight. NASA
is particularly interested in preserving a rea-
sonable temperature within some of the space
vehicles. Langley researchers found that by
using a coating of amorphous phosphate they
are able to reduce considerably the equilibrium
temperatures inside. By varying the thickness
of the coating, they could control the tempera-
ture range from 15 ° to about 190 ° C. It may
be possible by projection of this type of think-
ing to exercise thermal control over our housing
in the future. This is particularly applicable
to aluminum siding and aluminum roofing be-
cause this particular coating is being applied to
the skin of our Echo satellite balloons.
Dr. Robet_ A. 5olo: Some people have called
this the age of the "overkill." I am afraid it is
also the age of the "oversell." Every few years
we seem to be handed a new shiny set of keys
to the kingdom. Here you are---just go over to
that door and put the key in and turn it a little
bit, and up the corridor, up the stairway, and
first on your right--there's heaven !
The real danger of the "oversell" is that what
is oversold tends to be eventually undervalued.
I am a little afraid that this is true of what a
lot of people think about space and the space
effects on urban development. It can be over-
sold and, if it is, it will end up by being under-
valued. The real issue that is involved in our
discussion is not what space research has to offer
to the city, but more specifically, what the city
is able to use of that which space research offers.
The question, as I see it, which this conference
is trying to answer is simply this: What has
space R&D to offer in solving the problems of
the .city? Consider the implications of this
SEMINARB 137
question. The implication is that the city is an
effective organization for the solving of prob-
lems. Some cities are solving problems of crime
control, of education, of taxation but they are
not effective organizations for solving problems
at the level of science and creative technology.
Yet they have to be if they are going to make
use of what NASA offers. In spite of what Mr.
Fong says, NASA is not going to solve the
problems of the city. NASA research may offer
or may generate some information relevant to
the solution of those problems. In order to
make use of that information, a number of
things are necessary.
First of all, the problems have to be formu-
lated in such a way that they can be meaning-
fully handled by scientists and creative engi-
neers. Second, there have to be problem solvers
trained in science and technology who are dedi-
cated to the needs of the city. There has to be
an organization supporting such research whose
members are capable of evaluating the answers
of theory against the criteria of practical and
political feasibilities and capable of translating
these answers into effective political action.
There has to be an organization of men and
money capable of translating ideas into social
innovation. When you have that kind of an
organization, you can reach and make use of
what science is making available. I think .in
creating such an organization, the city of Oak-
land could render this country a service.
Rober_ D. Bugher: The big problem, it seems
to me, is to have people who are adequately
familiar with space and scientific developments,
and who are, at the same time, aware of the eco-
nomic and political functions of the urban areas.
That type of person is hard to find today.
The American Public _rorks Association in
1955 recognized the need to do something about
getting new scientific developments applied in
the field wherever possible. We set up a re-
search foundation, and we had proposals for
all kinds of research, including getting water
out of rocks. A whole host, of ideas were sub-
mitred. One of our problems was to determine
where we should put our money. We had a
lot of difficulty getting money in the first place
from municipalities who were not accustomed
to risking money in research.
We did undertake several projects in which
cities throughout the country felt they had a
common interest. One of them was on snow
removal. We were successful in getting over
60 cities to contribute funds to undertake a
major research project of some $100,000, and
that study is now underway. This indicates
that cities are willing to put up money to study
and solve common problems.
There were many such projects submitted.
Our Board of Trustees wanted to find the ones
into which we should put our money. For that
reason, we undertook to make a study of research
needs in the public works field--which covers
water supply, sanitation systems, highways, and
so forth. For this study, Ford Foundation gave
us some $40,000. It is now nearing completion.
One of the things we found was the lack of peo-
ple who could suggest and implement t h_ kind
of pro_ects that were really new concepts in an
urban society. There are a great many new
techniques available, and I believe there is a
need for the type of research that will apply
that knowledge to our problems. As an ex-
ample, most people do not realize that the Fed-
eral Government is spending millions of dollars
in research on gaseous and liquid wastes and
methods of handling these wastes--but that
there are only about $70,000 being spent on dis-
posable solid waste. It should be pointed out
that solid-waste disposal accounts for about $2.7
billion a year for the collecting and disposal
systems. We could stand a lot more attention
in this particular area.
It would be most economical to dispose of
the waste on the spot, and some people think
this can be done through on-site incineration.
Some of the complications are the odor prob-
lems, the air pollution problems, and the fact
that individual householders are not able to
make proper adjustments in operating these
units. It seems that there should be some pos-
sibility that new space technology, could be ap-
plied to regulate these units by remote control--
or could suggest other means to eliminate the
need for handling these materials. Saskatoon,
Saskatchewan, recently adopted an ordinance
requiring these incinerators. This, I believe_
is the type of research that is needed to go along
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with the strictly technical type of research that
NASA and many other groups are doing.
Dr. Warren J. Kaufman: I am inclined to iden-
tify the problems first, and then go in search
of the science, the knowledge, which will, per-
haps, provide the solutions. There is no ques-
tion that in identifying the problem, one has
taken a major step in its solution. On the
other hand, if we identify a great many solu-
tions-through masses of research and scientific
contributions--we may not have solved a single
basic community problem. I do not propose
in this discussion to identify these basic com-
munity problems, but it certainly would be
helpful if we give some attention to their
identification.
My own personal area of interest is in water
supply, water treatment, and pollution control.
We might ask ourselves: What has been the
relationship of science--and particularly recent
science---to these areas ? There have been two
kinds of relationships. On the one hand,
science has certainly created problems in water
supply and pollution control; a great many of
the things we have been concerned with in the
last 25 years, relating to water, are the results
of science. In particular, chemistry and the
nuclear sciences have introduced new pollutants
into water. On the other hand, to what extent
has science contributed to the solu.tions of water
supply and pollution control problems in the
community ? One thing it has done is to give
us instruments by which we can perceive, find,
and identify the scientific pollutants. In this
respect science has been of considerable advan-
tage_in the analytical area.
This capability, however, is a two-edged
sword, because often we are able to perceive
and yet not understand or interpret the signif-
icance of what we perceive. Detergents are a
very good example. We have a standard for
detergents, based not on foaming which is our
primary concern with it, but on the presence of
chemicals identified by a particular test which
may, or may not, indicate its foaming char-
acteristics. The same is true in the urea of
insecticides, herbicides, and various organic
chemicals. We have very elegant, very exact-
ing methods of identifying these. Yet, our
epidemiologists and our physiologists have not
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been able to identify the true significance of
these in our water. We assume that because
they were not there before, they must be bad.
We have a great deal of epidemiological work
to do before we can identify the relationships
between some of these newer materials in water
and the livelihood and well-being of man.
In the area of process changes--the better
way to treat waste---science could make many
new contributions but, so far, little has been
done. Basically the methods of water treat-
ment today in the majority of our communities
are truly not very much different than they
were 20 years ago.
In the area of science and energy, I feel that
we are going to make some breakthroughs, par-
ticularly in the field of atomic energy where,
potentially, we may open up some new re-
sources. Saline water conversion, for example,
is primarily an energy-dependent problem.
Benjamin Linsky: The problems of air pollu-
tion are many and varied. For example, smog
has actually been found in a submarine. The
first long-range submarine had some actual Los
Angeles type smog in it. Some of the hydro-
carbons came from paint which, though hard-
ened, was still releasing hydrocarbon vapor.
In very low concentration, with a small amount
of ultraviolet radiation from the fluorescent
lamps, there was a photo-chemical reaction
causing eye irritation and the polymerization
of droplets which resulted in haze.
Our atmosphere has been likened to a sewer.
Actually, it is far more like a river or an ocean.
Not much can be done about the total atmos-
phere. The only way to keep it clean is to keep
things out of it by changing the methods that
keep releasing materials into it, or by simply
catching materials as they are released and
converting them to something else.
I think there is a need for advanced training
and education facilities to turn out air-pollu-
tion control agency executives. The time has
come when we should do this through formally
organized curriculum. I think also we need to
review the existing air-pollution control pro-
grams in each major metropolis in the world,
noting common factors and making better,
clearer statements than are now available in re-
gard to both the technical and social-political
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problems. The proposal that Dr. Wolf made
for a truly comprehensive metropolitan oom-
munity study that is multidisciplined is a fas-
cinating idea.
We are using the products of space and
science developments in our air-pollution con-
trol work. We have actually written into an
incinerator regulation in the Bay Area a stand-
ard which utilizes and spells out gas chroma-
tography as a method for limiting some of the
hydrocarbons. We would like to use more of
the instrumentation that has been developed,
particularly with the kind of reliability that
has been built into both the outer space and
underwater space systems. For the few air-
pollution control programs in the country that
have any instruments at all--and there are less
than 35 of them in the eatire United States--an
"antomatic" instrument requires full-time care.
Poor reliability results because the market is so
thin that no manufacturer can afford to build,
for us alone, instruments with the kind of re-
liability we need.
Dr. Wolf reported that water treatment
costs about $100 to $125 per capita. In air
pollution, control agency costs are 5 cents per
capita a year for poor systems and 50 cents per
capita for good ones--and there area few. In
addition, to stop open burning dumps--used in
most communities around the country--and
substitute with sanitary land fill, which costs
about $1 a ton, amounts to 25 cents per family
per month or $3 per family per year. This is
roughly a dollar per capita per year. Where
you have too far to go for open land that you
can use for sanitary land fall, the costs are $5 a
ton or roughly $4 per capita per year plus the
related capital costs.
The crankcase device being put on auto-
mobiles will cost about $5 capital expenditure
and about $5 a year for replacement and service.
Allowing two persons per car means a per
capita expenditure of $2.50 per year; and that
just takes care of the 30 percent of auotomobile
_xhaust which is easy to handle. We are still
looking forward to a device which will decrease
or eliminate hydrocarbons and carbon mon-
oxides. Oxides of nitrogen will be controlled
by second- or third-generation devices. We
hope the space cabin developments will pro-
duce some good nitrogen fixation methods that
can be adapted and applied both to automobiles
and to large powerplants.
GENERAL DISCUSSION
William 5. Fo$÷er: I know, of course, that Dr.
Wolf is well aware of the vast differences in the
various metropolitan areas. However, the fact
that there are differences should not stand in
our way in attacking the problems with all the
scientific tools available.
It would be intriguing to take a computer,
then assemble the best brains we could get, and
figure out all the factors that create the socio-
logical, emotional, and technological problems
in a metropolitan area. Perhaps problems such
as water supply or tariff could be solved by
computer, but I don't think anybody has ever
tried it. Of course, they say it is too compli-
cated; this should almost give us the challenge
to go ahead. Is there someone who could com-
ment on this ._
AI4"on C. Dickieson: My experience in dealing
with computers is that the real problem is pro-
graming the computer. If you knew how to
program it you wouldn't have to feed it all this
material.
Mr. lin_ky: Some of you may be aware of the
massive 1914 study of Chicago's air pollution.
As you go through this portal-size volnme, you
find what were called "Hollerith Cards" which
were so new that they were described in several
paragraphs. They look just like IBM punch
cards. They were used in reducing the data
for that study. I support the point Dr. Dickie-
son made that progTaming is the significant
factor. I think perhaps there are now some
additional disciplines and factors that could be
programed which could not have been pro-
gramed a few years ago.
Or. Kaufman: In this area we do have mathe-
matical models of the polluted streams. We do
have, or have had, an analog model of the delta
at the confluence of the Sacramento and San
Joaquin Rivers. We have now another analog
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model of the sizable watershed on the North
Platte involving the introduction of rainfall,
the operation and construction of hypothetical
dams, and so forth. The idea is that we exam-
ine the number of alternatives and optimize it.
This problem is amenable to that kind of an
analysis, and it is very necessary, I believe, that
we begin to use it.
Dr. Wo]f: I think Mr. Foster makes a very
important point with this suggestion on com-
puter programing. Life in a metropolis is very
complex. We might devise computer models
for traffic flow, or for water supply; however,
1_ I understood Mr. Foster, he wants to go a
step further. He wants to integrate those dif-
ferent disciplines that are involved not only in
traffic engineering and in waste controls but
also those in the entire social and economic
field. It might require quite a bit of basic re-
search to determine how you integrate those
models and to what degree you can use them.
I think such a study is almost a prerequisite to
determine where we want to go or where we can
go in metropolitan development. We also need
to consider the scientific findings that would
complicate matters. Science might be used to
solve a problem, but perhaps we would create
problems in other areas. I think such a basic
approach as Mr. Foster suggests would be a
tremendous undertaking, but also a very re-
warding one.
Dr. Roberf Wood: There is some evolutionary
work taking place in the joining of the kind of
model building that Professor Kaufman ana-
lyzes and the probable political-social reactions
to it. It operates primarily by the coupling of
the attitudinal survey with the choices and the
cost benefits that the economist and the engineer
can develop. It is operating in a minor manner
in a land development study of Greenwood.
Pittsburgh is on the edge of this in its urban
renewal. The essence of this is the idea, simply,
to elicit public responses to alternative plans so
that decision makers in certain fields have no-
tions of what the reaction will be before they
try to change a particular pattern. Problems
here are that in the social sciences we are data
rich and theory poor. We operate with great
banks of data which are very difficult to cali-
brate and, unlike the natural scientist, with un-
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certainty as to whether the limited amount of
data is feasible for performing elegant
hypotheses.
You have to note that we have only had 10
years of the computer and the survey put to-
gether, so that some future nfight be possible.
Dr. Solo: I think the computer is a'fine thing,
but there is also something of a mystique in the
computer, as though it were a kind of magic--
you wave the wand and solve problems. The
computer is an automated abacus. It shuffles
data very quickly. What you are saying essen-
tially is, "We can solve our problems by shuf-
fling data real fast." You cannot.
Dr. Llewellyn M. K. BoeH'er: I have several
short comments. First, I advocate the forma-
tion of a Chamber of Professions in each com-
munity, which will parallel the Chamber of
Commerce. The purpose would be to get the
attorneys, the M.D?s, the engineers, and the
professional scientists together to identify the
problems, present solutions, and serve as the
interpreters for our politically elected officials.
Another point is that it is beginning to cost
a great deal to live in the city. We may have
already reached the point of no return. What
we should begin to talk about is what we can do
to a city to make it not only a better place to
live but also a more economical place. Unless
we begin to take this view we can tMk endlessly
and there will be no new ideas for the develop-
ment of the future city.
A third point is that the city can be put on a
computer, a very large computer. I don't be-
lieve one has yet been built, but it ca_ be put
on a computer as an engineering system. The
city is a sociological system and an engineering
system. The engineering part can be put on a
computer to determine the optimum arrange-
ments of such distribution systems as power,
water, and sewage in a given organizational so-
ciety at a given place.
One final point--which may not be germane to
this conference--is that we have not learned
how to govern ourselves in large units. I do
not think that our large private companies have
shown us the best example of how to operate in
large units. I do not think that our large cities
are properly run. I doubt that our Federal
Government is in the best order in this regard.
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It was fine for a population of 25 or 50 million.
When nations reach a population of 200 million,
basic questions of government begin to arise.
Those problems will also have to be solved be-
fore technological change becomes acceptable.
Roy 5orenson: These problems of water sup-
ply, of pollutant solids and liquids, and of ref-
use disposal call for larger geographic areas
of treatment than our fragmented government
will permit. With 85 cities and 800 to 900 spe-
cial districts, how can the technologies be best
utilized _. The comments of Dr. Wolf and Dr.
Solo point to what seems to me to be a huge gap
not only between increasing technological
knowledge that will become available and that
which can be used, but also between that which
is now available but cannot be utilized. It ap-
pears that we have organized ourselves in such
small fragments as to be unable to formulate
the problems to generate the images of the po-
tential, to say nothing about just plain affording
the gadgets and the processes that will be re-
quired to do it. I think that the scientists can
well join hands with the political scientists to
see that we do get some cooperative and fed-
erated methods of dealing with these problems
that are too big for small jurisdictions to handle.
Otherwise, I think the split will continue to
increase. Scientific and technological know-
how will be growing enormously, but the lag
will be due to lack of political organization for
achieving their use. I think our problem is
primarily political and secondarily scientific.
Dr. Ewald T. Grefher: Mr. Fong, doesn't the
kind of research engineering required for the
cabin of the space ship really force you to do
integrated model analyses ?
Mr. Fong: The fact is I made a gross assump-
tion that Oakland would follow up this seminar
with an integrated multidisciplinary team made
up of universities with their R&D competence,
industry with its R&D competence, and the city,
in order that such problems as economic, indus-
trial, and community feasibility would be fully
explored before attempting to apply the new
knowledge that the NASA space effort is gen-
erating. Now, in our experience to date, we
have found little really significant technology
that is directly applicable to satisfy an indus-
trial economic need without some process of
translation. This is ._ very necessary process.
Anything that has a certain degree of sophisti-
cation has a leadtime of say 10 or 15 years, as
has been mentioned. NASA hopes that by mak-
ing this knowledge available to communities and
to industry at an early date, this leadtime can be
reduced. We do not intend to promise things
that can be turned over tomorrow, but we do
feel that because we have concentrated our effort
in so many special areas, this knowledge can be
used by such communities as Oakland at a much
earlier date.
With respect to the problems of reeducation,
this is a very interesting problem we are faced
with in our program today. In our dissemina-
tion of potential industrial applications, we
have talked about techniques that are 10 to 15
years old. We have found that some industrial-
ists are so concerned with day-to-day operations
that they do not have time to keep up with the
tremendous push in the state of the art. They
find ideas of 10 years ago that are quite usable
today to cut costs and improve their manufac-
turing techniques.
Mr. kinsky: The changes that are being made
by a number of industrial establishments in the
Bay Area required by law to install air pollu-
tion controls have been startling in regard to
the numbers of total plant reassessments and re-
evaluations that have been made by manage-
ments with resulting plant layout changes, plant
process changes, and material handling changes
that overcame obsolescence and production lag.
A classic example: a quarter of a million dollar
installation investment in air pollution control
in a large-production foundry was accompanied
by a quarter of a million dollar change in ma-
terial handling methods. This is just one of
many examples. There seems to be a "catching
up" at the time of a reassessment for some ex-
ternal reason.
Robed W. Crais: I am very concerned about
the "oversell" aspect referred to by Dr. Solo. I
think that some of us will certainly admit that
the space effort is necessary and that it follows,
from what we know of the effort and activities_
that some applied benefits will be derived. But
I think that to feel that the solution of the
pressing urban problems, or problems in the
world at large, is inevitably linked with the
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space effort is probably less than the case. This
confusion can result in a failure to deal ade-
quately with certain urban problems that must
be dealt with on a program basis. Spin-off,
although not necessarily accidental, does not
solve problems in terms of the variables that are
confronted in an urban situation. There may
certainly be some similarity to the problems,
and there may be some application.
Atfhur N. Fried: It seems to me we've.over-
looked one basic thing in this whole problem,
and that is that the American society as a whole
is one big waste-generating machine. Because
we have a very high standard of living, we are
not only profligate with our resources, but we
are lazy. In years past, when we had a farming
society, raw garbage was used to feed the farm
animals and combustibles were burned by the
individual property owner. Also, during
World War II, for example, people didn't throw
away toothpaste tubes or tin cans. They were
reused. Today, it seems that everything in the
way of consumer goods is produced or marketed
in such a way as to create a waste problem. It
seems to me that although it would not be nearly
as sophisticated an approach--but certainly an
effective one--we should reeducate the Ameri-
can public to be nonwasters rather than wasters.
If the use of detergents creates a tremendous
and expensive problem, where is it written that
we have to use detergents ? We have it within
the realm of our technology to clean dishes by
ultrasonic means. If the cost of treatment of
water to remove detergents were added to the
cost of each package of detergent, I wouldn't be
surprised but that this would be more than the
cost of using ordinary cleaning compounds ancl
soaps and adding to that the necessary cost of
water softening. These are very mundane
thingS, but I am just trying to get one point
over. If in the United States, for example, all
the coffee that was consumed were instant coffee
and all the coffee grounds were used in some
byproduct at the processing plants, this would
eliminate a great deal of waste. And so on down
the line.
What we are saying is "Here is the problem,
we are creating this waste, now how do we get
rid of it?" We never stop to think how to
eliminate the waste to begin with.
Mr. Fosfer: I don't think the American people
are lazy. I have traveled in Europe, and I have
traveled in the United States, and I will agree
we litter a lot. But just because some of those
European cities are neat doesn't mean they are
clean. I find the American people very hard
working. We talk about 5 x)r 6 percent unem-
ployed-but 5 percent of our people have two
jobs. I dare say many people work considerably
more than the mundane 35- or 40-hour week.
Does Mr. Fong have any costs on these closed
circuits ? It offers a possibility for waste dis-
posah Is there anything that would imply that
this is within reach of practical use ?
Mr. Fong: I think this is the part we would
like to leave up to the organization scheduled
to be formed in Oakland after this seminar.
The same situation pertains when we dissemi-
nate our knowledge to industry. We don't want
to go into marketing research and economic
feasibility. We think this is the area for in-
dustry to act. In the community problem area,
we are mainly citing technical advances that
might be of irrterest in solving community
problems.
Peter K. Muellet: I am a chemist in air pollu-
tion. Dr. Solo remarked that we are being
starry-eyed when we talk about all this research
because we don't have the means and methods
of translating it; on the other hand, Mr. Fong
remarked that we have to translate the knowl-
edge into the urban sphere. Actually, we do
have in government today--certainly at the
state level, and even at the city level--R&D
organizations that are capable theoretically of
accepting and acquiring some of the basic
knowledge being developed. However, we don't
have enough such organizations, and we also
find a lot of foot-dragging in trying to find
good support. This, I think, is an area in which
more discussion could take place. How do we
increase the size and capabilities of research
and development on the local government level
without increasing unnecessarily the cost bur-
den that already exists ?
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WHAT DOES THE SPACE PROGRAM
REVEAL ABOUT HUMAN ENGINEERING
AND MEDICAL RESEARCH? 1
Maj. B. B. Mclntosh
The corporate image which we in NASA de-
velop within the next 10 to 20 years affects
everyone in the Nation. I am certain that most
Americans felt a sense of pride the day after
John Glenn orbited the earth, even though they
might not have been directly responsibie for the
success of the space flight. I am equally certain
that the image of the Nation as a whole was
changed. Our future successes in lunar land-
ings, manned space laboratories and stations,
and interplanetary space missions will likewise
affect our national image, and our national
safety will in turn be directly affected.
We in the directorate of Biotechnology and
Human Research of NASA's Office of Advanced
Research and Technology feel a great sense of
urgency, for we know that the successes or fail-
ures of these future missions depend directly
upon our research today. This sense of urgency
is reflected very succinctly in the words of Dr.
Robert Seamans when he laid down the mission
of the Biotechnology and Human Research
Division :
Our success and progress in manned space flight in
the next 10 to 20 years depend on the human research
we do today. The htiman man-machine and man-sys-
tem requirements must be determined through research
prior to the design of any manned system. The hu-
man's capabilities and limitations will directly influence
various subsystems of the space vehicle. It is there-
fore important that work in biotechnology and human
research be conducted at an accelerated rate, in order
to have the necessary answers for the design of our
future aerospace systems.
1This paper was prepared by DR. EUGENEB. KO_ECCI,
Director, Biotechnology and Human Research, Office of
Advanced Research and Technology, NASA, and pre-
sented by Maj. MeIntosh.
When this office was established in July 1962,
we asked ourselves, What organization and re-
search program must we set up to provide
NASA with the human research to establish the
requirements for the development of an ade-
quata life support and protective system for
man's survival in the aerospace environment and
the determination of the man-machine relation-
ships, and what type of program will allow us
to integrate these requirements into the ad-
vanced aerospace system ._
The answer obviously was not to aonduct ran-
dom research on body systems, on human per-
formance, on life support systems, and so forth.
_re knew that if we were going to accomplish
our objectives, we must first of all establish
the parameters of our research program.
The first step was to establish an interdis-
ciplinary organization composed of biomedical,
biophysical, nuclear engineering, and design
engineering personnel. We became systems
oriented in order to accomplish the planned
NASA gems of providing the broad technologi-
cal and research base for manned aerospace sys-
tems. Next a mission and systems parametric
analysis was performed to determine the orga-
nization and program required to fulfill the mis-
sion of biotechnology and human research.
Consequently, the possible future missions that
NASA will be expected to perform, such as a
semipermanent orbital base, lunar base, and ad-
vanced aeronautical systems, were examined.
A mission analysis was performed for each of
the possible future missions.
Next the various system complexes involved
in the missions were examined closely (table I).
In fact, we looked at the specific systems within
the complexes. Within each of these specific
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systems we found that our program must in-
clude the study of man, man-machine, and man-
systems. These three aspects of the program
will be discussed individually.
The horizontal parameters of enviromnent--
the requirements, the bioengineering, simula-
tion test and evaluation, and advanced con-
c_pts--are involved in each of the three pro-
gram elements.
In man or human research, man's body sys-
tems are studied in relation to the total en-
vironment. For example, we must study the
total spectrum of radiation and its effect on
body systems, not just cosmic radiation. This,
in turn, imposes certain design requirements on
equipment that is needed to do human research.
These requirements are translated into special-
ized biosensors, which are then utilized in a
specific environment t_ obtain data. Those data
are then transferred to specific situations where
they may be put under simulation t_. The
next step is to evaluate the equipment, and it
may be necessary to go to advanced concepts
in order to solve the problem, since it is possi-
ble we do not have the equipment or data that
are required to answer these questions. The
same is true of the psychophysiology, which is
really the mental and physical aspects of man.
The method of analysis is the same as for body
systems.
Once the physiological and mental limits
necessary to establish the design requirements
for man's equipment and habitability have been
obtained, they are imposed on the next area,
which we call man-machine or biotechnology.
This includes life-support systems, protective
systems, and man-machine control. We go
through environment, design requirements, and
so forth, as we did for man body systems.
After considering the parameters from en-
vironment through advanced systems, we estab-
lish design requirements for the equipment.
Finally, this equipment and the requirements
of man are translated into the next area, man-
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system integration. We again consider the
overall system that is involved with the en-
vironment, the various systems requirements,
and so on. The proof finally is in our hands
when we put all of these together to test them
and demonstrate a workable system.
To give a general idea of the specifics of the
systems analysis, table II shows only one aspect,
the matrix on human research, specifically body
systems--one variable under human research
versus environment. Body syst_ns are com-
posed of the integrated total body, including
the cardiovascular system, the digestive sys-
tem, and so forth. These am plotted in rela-
tionship to the environment. We have shown
only a few selected examples of the environ-
ment_--acceleration, atmosphere, radiation, and
the_a!.
Let us take an example of the cardiovascular
system in relation only to acceleration, one as-
pect of the environment which may be defined
as a task area requiring research (table IH).
We then may have to go to this level to obtain
more specific data--and here the cardiovascular
system breaks down into many subdivisions, of
which a few are mentioned here--the heart, the
coronary arteries_ and so for_ Meanwhile, ac-
celeration breaks down into a number of sub-
parameters, of which only a few are shown in
table III.
All of these factors, when added together,
make up a tremendous total number of tasks
and interactions that must be considered if we
are to evaluate those variables that affect man.
We find that we have something like 12,500 task
areas. An example of a task area would be the
total nervous system versus the radiation spec-
trum. This radiation spectrum would include
cosmic rays, ultraviolct, infrared_ all the way
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broken down into about 187,500 specific tasks.
An example of a task is the determination of
the effects of solar-flare protons on the periph-
eral nerves.
This effort is prohi%itively large; therefore,
it becomes necessary to categorize these various
tasks in terms of priorities.
In an effort to establish realistic priorities we
had to ask the next question, What data do we
now have within each of these task areas and
specific tasks, and within what areas is addi-
tional research required? This required the
services of experts in all disciplines from vari-
ous sources; for example, NASA, DOD, indus-
try, and universities. It required utilization of
various information centers to provide informa-
tion on research studies accomplished and those
in progress. Although the following priority
areas are not in the order of their significance,
they are all top priority areas as defined by the
system and data analysis. These areas are:
1. Psychophysiology of prolonged exposure
to zero gravity or subgravity (periods of 1
month to several years)
2. Effects on humans and design implications
of space and manmade radiations
3. Advanced integrated life-support systems
designed for 1 month to several years of opera-
tion
4. Advanced intravehicular and extravehicu-
lar protective :and locomotive systems for free
space and for lunar and planetary surface op-
erations
5. Bioengineering advances in bionics, bioin-
strumentation (especially body sensors), man-
machine information handling, and display 'and
controls for psychophysiological monitoring
and for all-weather manned aerospace flights
6. Advanced dynamic ground and flight sim-
ulation techniques and the development of
human aaalogs
7. Selection and training requirements and
advanced techniques for flight, ground support,
and space research personnel.
The next step was to determine who could
best accomplish the research required in these
priority areas. It became obvious that if we
were to 'accomplish the task given us we had to
use the total national capabilities. This in-
cluded establishing a biotechnology and human
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research capability at NASA research centers
such as the one we now have at the Ames Re-
search Center in California. Other centers are
being used to undertake specific portions of the
program where unique capability exists. We
are working cooperatively with DOD, AEC,
and other Government agencies. Universities
are conducting human research, and industry
plays a major role in all aspects of our pro-
gram--human research, biotechnologT, and
man-system integration for various aerospace
systems. It seems appropriate at this time to
discuss some specific research which we are sup-
porting in the priority areas.
Psyehop]tysiology of prolonged exposure to
zero gravity and subgra_ity.--Studies of these
problems were conducted through the Depart-
ment of Defense at the U.S. Naval School of
Aviation Medicine. This research included
studies on the mechanisms by which force fields
produce disorientation and functional disturb-
ances by their effects upon the semicircular
canals and otolith organs of the inner ear.
Studies are being conducted on etiology, inci-
dence, symptomatology, prevention, and ther-
apy of vestibular sickness, ocular illusions, and
disorientation in space flight. This research
also includes a study of parameters directly
related to the astronaut program to include
a semicircular canal and otolith function in
zero-gravity flights.
Advanced life-support systen_s._The NASA
Manned Spacecraft Center at Houston has been
authorized and funded by this office to study
the development of life-support systems just
beyond those of Project Apollo, that is, to 30
days. This was done to bridge the efforts of
NASA's twin offices of Manned Space Flight
and Advanced Research and Technology, so that
advanced support and protective systems could
be developed concurrently for future approved
operational manned projects. This office has
recently completed negotiations with the Boeing
Company for a completely integrated five-man,
30- to 60-day life-support system. It includes
atmospheric control (superoxide), water, food,
and waste management and will be demon-
strated about June 1964.
As part of our pro_oTam, Langley Research
Center recently requested proposals from a
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number of industrial firms for the design, fabri-
cation, and test of a prototype 6-month life-
support system for four men. In-house studies
in progress will determine the design require-
ments for a 1-year life-support system. This
advanced system will be contracted in fiscal year
1964.
Advanced dynamic ground and flight simu-
lation and development of human analogs.--A
study by Drs. Jack Findley and Joseph Brady
is underway at the University of Maryland's
Department of Psychology to determine the
capability for highly organized task require-
ments and the performance of humans for ex-
tended periods of time. A 35-year old man has
been in confinement in this experiment continu-
ally since November 17, 1962. He will remain
in *_-: .... 1. ;,_A,*_nltaly. In his small three-
room enclosure he has limited communication
with the outside world, but must gain his daily
satisfactions from the internal environment.
A series of tasks, ranging from sleep through
physical and complex mental exercises, are per-
formed as part of the daily routine, in a fixed
sequence, but at his own rate of speed and time
at each task. Psychological and physiological
tests of his performance and well being are
measured.
Information derived from this unique study
will provide answers to many of the questions
concerning the psychological and physiological
capabilities of humans to withstand the stresses
of long-term flights in space and on extraterres-
trial journeys. This work is being conducted
under a NASA grant and is supervised by Dr.
Stanley Deutsch in our office.
It must be emphasized that much of our re-
search program is being accomplished with
ground-based research facilities. However, it
is recognized that certain critical areas such
as prolonged weightlessness, space radiations,
and duplication of psychophysiological stresses
cannot be simulated on the ground. This re-
search will have to be conducted in flight. For
this reason, a variety of flight projects are pres-
ently under study to accomplish this research.
The "Human Factors Systems" program within
our office has been outlined. However, at the
same time, through the systematic parametric
analysis, we feel we have identified the research
program, the program research areas, and the
specific research tasks for human engineering,
as well as all other aspects of the total program.
The one important advance in human engi-
neering we have made is placing it in its proper
perspective with the rest of the total man-system
research complex.
Through the systematic approach we now
have a methodology by which we identify the
research priorities required for the physiologi-
cal and mental limits of man. These data have
enabled us to establish design requirements for
equipment. We have then translated require-
ments into an integrated system. The final
proof is the demonstration of man and equip-
ment as an optimized system.
Lrltimately, however, we have new missions
and new system complexes; and systems will
have to be generated. But the research we do
today provides us with a broad technological
base for these future missions. Our systems
may change; we may have additional emfiron-
mental factors; the requirements may change;
but we still build upon our understanding of
man.
We are extending our analysis to incorporate
the logic matrices into the NASA information
centers so that fundamental information we
generate through research today will be utilized
in establishing design requirements for systems
in the future. This source of data will be and
is being made available to other government
agencies, to industry, hospitals, and so forth,
who are doing research into human factors sys-
tems. We feel it is only through this approach
that we Will obtain the maximum utilization of
our national life-sciences reseamh capabilities.
PANEL DISCUSSION
Dr. Charles I. Barron: Major McIntosh has
done a.n excellent job of emphasizing the tre-
mendous importance and the size and the im-
pact of the total space program, especially in
the field of space technology. This is a systems
concept, which he points out was something
which hit the aerospace industry rather dra-
matically about 5 or 6 years ago. He also
708-399 O---63--11
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touched very briefly on the role of industry, on
the capabilities of industry in assuming the
systems responsibility and systems manage-
ment for the whole human engineering and
medical research effort.
I have been associated with the aerospace in-
dustry and its predecessor the aviation and aer-
onautical industry for the past 13 years. I
have seen the changing concept of this type of
impact upon our companies. This is not to say
that the concept of human engineering did not
exist in the aeronautical industry prior to the
impact of Sputnik and our space age. How-
ever, bioengineering as it existed was almost
entirely engineering and was very little "bio."
It was very difficult to convince our users, the
pilots, that any human considerations had gone
into the desi_o,n of their cockpits. As a matter
of fact, it was common knowledge that retro-
design and retro-fit was one of the most lucra-
tive segments of the aircraft business, and per-
haps it still is.
When I joined the Lockheed Aircraft Corpo-
ration in 1950, I was the only full-time flight
surgeon employed in this capacity by any of
the aircraft companies in this country. I men-
tion this only to point out the change in con-
cept, philosophy, and relative importance of the
whole medical aspect and its application to our
biotechnology. Several years later some of the
psychologists began to infiltrate into the busi-
ness and began to sell this concept of human
factors to the companies, with the accent upon
human engineering as such. Then, in the last
few years, we have seen the concept of bio-
astronautics, and in the last year or two this
total concept of the life sciences.
We have also seen a corollary to this--the
change in basic philosophy and product lines
within a company. What has this meant, not
only with regard to the company but also to
the technological capabilities of the companies,
andto the socioeconomic life of the community ?
Obviously the majority of aircraft manufac-
turers today are really out of the aircraft busi-
ness as such. In many cases, more than 50 per-
cent of their product lines are devoted to the
space satellite business. In some of our com-
panies there has been a gradual shift from mass
production, which meant the employment of
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many thousands of relatively unskilled labor-
ers, to tile employment of as many as 50 percent
technical and scientific personnel. This has ob-
viously had a tremendous effect upon the bio-
technological capabilities of the companies,
since it resulted in a relative increase in em-
phasis on such capabilities. But it has also had
some effect upon the communities.
In the changeover to this philosophy, as we
see it now in systems flight integration in the
biotechnological field, we have more or less had
to sell industry on the acceptance of this con-
cept. The aerospace industry is basically an
engineering industry, and there is a problem of
communication between the biologist and the
engineer. Finally--either by deliberate intent
in the case of a few companies or by necessity
in the case of others where this was forced Upon
them by the customers--many have accepted
the concept of integrated life sciences.
It is difficult to obtain the type of personnel
that can perform this work. Actually, there
are no institutions at the present time, to the
best of my knowledge, that really train biol-
ogists to bridge the gap between biology and
the physical sciences. There are a few key peo-
ple in various industries that have assumed
positions of responsibility by virtue of their
military experience and training. Some com-
panies are fortumtte in having biologists who
are primarily engineers and who have gone into
biology or medicine as a secondary effort. But
basically there is no integrated training. There
is no manpower pool.
There is a considerable difference of opinion
as to where a life-science group actually fits into
the table of organization of a company. In
most companies this group--since it has to sup-
port the products, either directly or indirectly--
is placed in the engineering branch, where I
think it logically belongs, under a director of
research, perhaps, or under the chief scientist.
But this does not necessarily solve the problems
of industry because of the type of personnel that
has to be attracted to the company.
It is difficult, for example, to attract the basic
research scientist into an engineering environ-
meat. On the other hand, companies insist,
regardless of the type of research that is done,
that this research be the managed or programed
SEMINAR C 151
type of research. They feel that this type of
research either immediately or ultimately has
to support the product line, and this we have to
keep in mind. Thus, it has been difficult to
integrate this new concept and employ the type
of interdisciplinary people we want.
Another basic problem is that of communica-
tion. It is very difficult for biologists and
physical scientists or engineers to communicate
with each other in a meaningful way. The en-
gineer wants data; he wants criteria in order
to set up certain design specifications. Unfor-
tunately, many biologists in this field have not
yet become industry oriented or product
oriented, and this has been one of our most
difficult areas. I was quite impressed with Dr.
Kimball's presentation on information transfer
to the scientific community. We have not as
yet achieved this information transfer even
within a company to such an extent that we can
avoid costly and time-wasting duplication and
replication of efforts, because we cannot com-
municate among ourselves. This has been a
major difficulty.
There is also a question as to how much basic
research, for example, should be involved in
these areas. As system managers, or as poten-
tial system managers, we believe that we do have
the interdisciplinary capabilities to conduct the
type of work that Major McIntosh pointed out
is badly needed and dependent upon industry.
However, there is some difference of opinion on
the part of management as to how far an indus-
try or company should go in the support of this
basic or fundamental type of research activity.
I think all companies feel that there is a poten-
tial need for this in advanced--or future--
product lines. Most companies have been com-
munity and socially conscious, and as a result
they feel that since industry has the capabilities
for broad technological advances and the inter-
disciplinary type of approach, much of the in-
formation we gain has direct applicability to
general scientific efforts outside the space goals.
However, there is a feeling that the companies
themselves cannot indefinitely support this type
of research and that if, indeed, this is done in
the community interest, perhaps the community
ought to join the companies in helping to sup-
port the research.
We find on the basis of our studies that
although we have not been involved in the
pure aspects of medical research, we have
been actually cooperating very extensively with
the universities. We are dependent on the
universities for certain psychological and phys-
iological data. There is a need for mutual co-
operation between universities and aerospace
industries, for the common use of personnel, and
for the common use of specialized types of fa-
cilities. Surprisingly enough, I found that a
good deal of my own time had been spent work-
ing on common problems with the research
division of one of our local hospitals.
There has been a considerable amount of pub-
licity recently about bioengineering and specu-
lation as to whether biologists should assume an
increasingly important role in efforts to modify
man himself. Having worked in _,_,,_'_"the meAi-
cal and the technological aspects of this, I be-
lieve it will be very difficult in the immediate
future to make any significant changes in man's
ability to adapt to the type of stresses that are
anticipated. Our efforts, certainly in the bio-
medical field, should be primarily to determine
man's capabilities in order that we may optimize
them within his limited degree of flexibility,
and then to convey this type of in.formation to
the engineers so that they can translate it into
engineering designs for safety. In other words,
we must re-create a habitable environment for
man, whether on the moon or in interplanetary
flight, and the best way to do this in the im-
mediate future is simply to optimize man's
performance rather than try to modify signifi-
cantly his ability to withstand stresses.
George A. Ra_hert, Jr.: Dr. Barren has com-
mented on the interdisciplinary aspects of this
work. Most of our venture into the life sciences
or human-engineering area has resulted from
the need to understand what we are doing in
fitting man into the various vehicles and sys-
tems. We started by fitting man into aircraft,
_md now, of course, we are fitting him into space
systems and advanced missions. In the process
of doing this, we have had to go into these
multidiseiplined concepts. At Ames Research
Center, for example, in a group devoted to
determining what the dynamics of airplanes
should be so that a human pilot can cope with
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them, we have psychologists, electrical engi-
neers, mechanical engineers, systems engineers,
and mathematicians--all in a group of 20
people.
This cross-discipline is imposed by the work-
ers themselves. They are insisting on it. Some
of the electrical engineers are taking degrees in
\ •
psychology, an aeronautical engineer is study-
ing physiology, and some of the psychologists
are trying to find a good engineering school that
will teach mathematical and analytical tech-
niques that they observe their fellow workers
using. They realize they can have the work
done for them, but they want to do it them-
selves.
Some of the schools are forming very force-
ful departments or programs which emphasize
this approach. You can go to M.I.T., for ex-
ample, and take a program in bionics. You can
go to the University of Michigan and take a
program in systems engineering, In the proc-
ess of getting a degree in systems engineering,
you will be literally in almost every depart-
ment of that university, which is a very large
one. This approach is significant because even
the children in the schools are picking up the
idea. As we talk to physics classes in high
schools, they are asking us what kind of dis-
ciplines they can combine to get the future they
want and what they need to do to work on these
problems that interest them. The universities
have possibly not been as farsighted as they
should be in this regard, because most of the
young men who come to us for employment
have obtained these programs only by fighting
with knees and elbows to be able to cross depart-
mental lines.
This drive-this need for understanding--
that is evidenced in the younger people, who are
fascinated with the gtamor of the space pro-
gram, is going to affect us all. Our children
are going to be asking for better schools and a
broader base of courses, a broader base of equip-
ment. This is one of the ways the space pro-
gram is having, and will continue to have, a
direct impact on urban life.
Dr. G. Dale Smith: I say engineering is to
physics as medicine is to biology, meaning that
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the difference between the applied and basic
cannot be defined. There is developing within
the life-science capability of the United States
a new breed--engineers who are becoming bi-
ologists and biologists who of necessity become
engineers. But at the same time, in carrying
out the program described by Major McIntosh,
we must. not forget the part that is basic rather
than applied. Somehow, during the time that
we in NASA are involved in carrying out the
thousands of tasks mentioned, we must not let
slide the bacl_bone of all applied or develop-
mental work--that is, the basic concepts of bi-
ology and physics. Our contracting program
within NASA is endeavoring to carry out both
simultaneously.
We must do things on a priority basis in
order that better information or design criteria
may [_e available for the next series of space
vehicles. Also, we are striving to build up the
interdisciplinary educational program by
granting and contracting to universities. We
are building up a very few--hopefully, good--
life-sciences groups within the government
itself. Approximately 90 percent of our total
expenditure will go into contracts to industry,
universities, and other government agencies.
Referring to one of Dr. Barron's comments,
until recently nothing within the en_neering
system of an aircraft went beyond the tolerance
of man. If the aircraft went too high, we could
furnish him oxygen ; we could furnish him with
a g-suit that would take all the airplane could
give before the wings came off. But the ve-
hicles that we are building today can exceed
the tolerance of man--hence, our need to study
the physiological and psychological tolerances
of man. If it were technically and economi-
cally feasible to provide 1 g in all spacecraft, to
protect the occupants from all radiation, to
solve all of the thermal and acceleration prob-
lems, and so on, we would have no real mission
in the life-sciences area to support such a pro-
gram as NASA's. To do this with some un-
derstanding of man's tolerance and to try to
develop design criteria that work man to his




Dr. Bell: At the start of World War II, I was
a flight surgeon stationed at Randolph Field
where I had gone through flight training.
There were so few problems to be considered!
They had a g-suit under construction ; they had
the human centrifuge, a low-pressure chamber,
and a few such things just getting started.
That was not many years ago. When one
thinks of the jump that has been made from
then to now, it is astounding.
Clay Bedford: Being a businessman and
charged with the responsibility of making some
of our revenues exceed our cost, the question
that arises in my mind is this: What publica-
tions are there, if any, that condense to the lay-
men's language the developments from the
space program which .... be .._;1;_a _llllgllb ut_zz_._ .v_
something other than such exotic ventures as
going to the Moon or to Mars or elsewhere _.
Ma]. Malnfosh: If I understand your question
correctly, it seems as though you're asking
whether or not we make an effort to take our
research and development findings about
humans and equipment and translate them into
applications--outside applications. I must say,
first, that all of our research on human-
body systems will have direct application to
everyday life.
Some of these "fallouts" I can mention. We
made a study of the human body which may
give us some information on aging. The study
of the frequencies of the heart to try to antici-
pate any abnormalities may have fallout for the
medical world. The development of small bio-
sensors---the size of a dime or smaller, that
could well be imbedded--is a fallout that we
have in the biomedical field.
The fallouts that we will have in the equip-
ment field are many and varied. One that is
now under contract is a small TV camera, the
size of your hand, that we will use to monitor
human performance. One could go on and on
about the fallout that we will have from our
research programs. In NASA all of the re-
search groups, and the operations groups as
well, send their findings directly to the Office
of Applications, and they in turn have the re-
sponsibility of insuring that these findings are
DISCUSSION
fed to people who can possibly utilize them in
the outside world.
Dr. Smi)h: The scientists who are either under
contract or within our ]aboratories are encour-
aged to report their findings in open literature,
medical journals, and other scientific journals
throughout the country even before they are
usable by NASA.
Mr. Bedford: My question really was: Is there
any summary published, or must one go to the
Office of Applications and keep constantly in
contact with them ? In other words, how do
you minimize the time that it takes ? There is
no question but that you will develop an im-
mense number of improvements. I wondered
if you had some publication that spreads the
in formation in a simple way.
Dr. Smith: There are agencies set up for the
dissemination of this information through the
medium of ASTIA, the American Institute of
Biological Sciences collection service, and, just
starting, a Documentation Incorporated collec-
tion service that presumably can be used by
the private individual as well as by the com-
pany or government employee.
Maj. Mclntosh: Our matrices are being tied
into an information center called Documenta-
tion Incorporated, which NASA has under con-
tract. It will search all the literature in the
country, as well as Russian literature. For ex-
ample, I may want to ask them : What is known
about the heart under zero g? They will
essentially select tlfis information for me from
ASTIA, the Library of Congress, the School
of Aviation Medicine, and so on. They will
then provide me with what I want in terms of
either abstracts, total hard copies, or a summary
of research to date. Our contractors also will
be provided with this total package of research
data from the past, research projects that are
going on at present, and the state of knowledge
as of this time. I think that we will receive
bne-third more research for our money because
people do not have to search the literature.
William S. Foster: I was interested in Major
McIntosh's reference to the man in a capsule
because it has a bearing on our urban life today.
As you know, we puzzle over how much living
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space each individual should have. We con-
sider, generally, 190 square feet of living space
as a minimum figure. In other parts of the
world, this figure is reduced to around 90 square
feet. We have areas that we consider slums
that provide more space than that. Now, you
have a man trapped in a capsule for a long time,
and evidently happy. How much living space
do you provide him ? Is there any special con-
sideration on that that might have application
insofar as we analyze these things ?
Dr. Smith: I think the room they have him
in--and he is not "trapped" becattse there is a
door he can open any time and go out--is 10
feet by 11 feet with one small room off to the
side, about the size of a telephone booth, with
a toilet. On the other side is a sinfflar room
that we call the "playroom." Actually it has
a typewriter computing system on which the
man can work problems to keep himself happy.
Mr. Foster: That would be about 150 square
feet.
Dr. Smith: Something like that. This was de-
signed for two people, but the experiment is
being run with one man alone until they are
sure about him. Another will be introduced
later.
Dr. Barren: Let me point out that it would be
very difficult to take some of the experimental
data that is obtained by using highly motivated
individuals as subjects and equate it to urban
life. Remember, in designing we design for
one of three things. First of all, at one end
of the spectrum we design for comfort; and for
a passenger train or vehicle, the comfort of the
passenger as well as his safety is important.
Our second consideration, probably in military
mission accomplishment, is to design so there
is no performance degradation of the individ-
ual. As every military pilot knows, we have
sometimes compromised comfort for the sake
of safety and adequate performance. The
third design condition would be that associated
with highly experimental conditions where we
have to design to assure the survival of the
individual. Obviously putting a man on a
couch for a great many hours is compromising
a high degree of comfort, but he is in a habitable
environment and we hope we can bring him
back at least safe. You should not extrapolate
some of these experimental conditions to the
urban type of life.
Benjamin Linsky: To what extent are you plan-
ning work on your 3-month, 6-month, and 1-
year exposures with respect specifically to in-
duced stresses to maintain alertness, and to
what extent are you planning to work on ques-
tions of leadership and group behavior com-
parable to those in the submarine ?
Dr. Smith: In the programs for developing
the life-support systems that are going on at
the present time the group-behavior question
is being studied, but the investigators are not
interposing a lot of other stresses in the testing
of this system at this time. It is planned in
the future to have life-support systems that can
dynamically simulate all the degrees of free-
dom we can on earth, and interpose these
stresses.
The real test win come in utilizing the in-
formation gained to build these systems and to
study the individual components of man's be-
havior. In tiffs system, the ultimate will be in
the manned orbiting laboratory, where we can
do research on stresses of space, on the relation-
ship of man with other men, and so forth.
Mr. kinsky: It is in this area that, I see a great
potential for a "dropout" in useful information
for community operations as well as for indus-
trial, occupational, and group organizational
operations.
Dr. Smith: I think you are right.
Dr. Bell: Of all the thousands of problems
that there are to be solved at present, what is
the most difficult problem that you have, medi-
cally speaking, from man to instrument?
Dr. Smith: It is the communication between
the men that they are using and the instrument
makers themselves. It is a communication
problem. That is the largest problem we have
in trying to build up the information from man
to an instrument read-out method of some sort.
Did you mean: What is the biggest problem
we see in developing instruments to physiologi-
cally or psychologically monitor man ?
Dr. Bell: In general, I was thinking of the
biggest problem in making man and a machine
the perfect unit that it will be some day. I won-
dered what is the biggest problem to overcome
in that man-machine venture.
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Dr. Barton: I am not sure we can isolate one
single problem and call it the biggest problem.
First of all, our basic need is a better under-
standing of man's psychological and physio-
logical capabilities. Despite all our research in
the past, we am finding out as a result of the
space program that actually we know very little
about the human being, especially about the
total performance--the total system reaction--
of the human. We have studied various com-
ponent parts of this system, and we understand
a little about the liver and spleen and some
other organs, but we do not understand very
much about the integrated person as a whole,
about his performance capability. We do not
understand, for example, how he performs un-
der certain conditions of multiple stress because
we b_ve never been able to duplicate such a
situation in a terrestrial environment. We will
never understand how a human being can tel-
orate prolonged zero-gravity until we actually
expose him to an environment of this type. We
cannot do this in a terrestrial environment. All
we can do is postulate.
I participated recently in a discussion at the
California Medical Association on a panel called
"The Role of the Urologist in Space Medicine."
Frankly, I had never known there was a role of
the urologist in space medicine until I was asked
to comment on it. The panelists were all a little
concerned, mostly about sex but about a few
other things, too_ such as the possibility of
calcium-phosphorus metabolism difficulties un-
der prolonged weightlessness. When bone is in
a weightless environment, apparently there is a
demineralization, and this to the urologist
means such things as the formation of kidney
stones.
They are also interested in other things, such
as flow characteristics and the effects of 100-
percent oxygen upon renal functions. These
are problems which are just beginning to evolve
because we are beginning to expose people to
stresses like than and we are beginning to learn.
We do not know how they will react to other
situations because either they have never been
exposed or we cannot simulate these conditions
on earth. So, basically, we have to have a little
better understanding of the total integrated in-
dividual as well as the component and subsys-
tem actions.
It was pointed out that one of our biggest
problems is in the field of bioinstrumentation
and sensors. There is an even bigger problem--
we are not even sure what type of physiological
measurements we want. How can we tell the
engineer to develop instrumentation when, as
medical people, we cannot even tell him what is
and what is not important ?
We want indices of failure; we want to pre-
dict failure of the individual. We are not in-
terested in how long it takes his heart beat to go
up to 180. This is a normal situation for people
under stress and is not a deterrent to perform-
ance_ as evidence by the fact that all X-15 pilots
have developed this rapid heart beat rate, and
they have performed very well. It is meaning-
less to get a pulse reading under _re_ co_n_di-
tions or conditions of hypoxia and find that a
man reacts by having his pulse rate go up to
180. It tells us nothing. We do not know the
significance of these things, and until such time
as we do, it will be difficult to get adequate and
meaningful types of bioinstrumentation. To go
back to the question, the answer is that we have
to understand a little more about the total
psychological-physiological performance of
man, and then translate this into design concepts
and specifications, to integrate the man first into
the machine and then into the entire system.
Dr. Smith: This comes back to my original
statement that medicine is to biology as engi-
neering is to physics. Although we have pro-
gressed very far within the last hundred years
in both areas_ we do not understand the mech-
anism of many of the successful treatments in
medicine. A bridge can be overdesigned to
accept all anticipated loads, and the designer
need not understand the conditions under which
it would fail. Much of the medical research in
the past has been based on disease and its cure.
Many aspects of the normal physiological func-
tions of man were not studied because they were
not relevant_ We are in a position now to find
out how little we really know. The biggest
problem is finding out about man himself.
Bernard Haber: In your very fine answer to
this question, you triggered another question.
This has to do with the entire field of psyehol-
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ogy, psychiatry, and the behavior of man. You
specified "under stress," but to my mind it is
basically the behavior of man.
It has been quite a few years since Sigmund
Freud propounded his theories. Since then, the
whole field of psychiatry and psychology has
received a great deal of attention. And yet, we
still know relatively little about this subject.
I am interested in your collective opinion as to
whether we can extrapolate the performance of
man to any long-duration missions in space;
whether the processes that the country uses for
selecting astronauts are really so constituted as
to give us some assurance that specimens used
here will indeed live up to the environment that
they are going to be exposed to.
Dr. SmiCh: It is my opinion that if man fails
in a long mission it will not be from the psycho-
logical aspects but from physiological aspects.
Psychologically, man can adapt to do almost
anything he wants to do if his motivation is in
that direction.
Maj. Mcln¢osh: I will not necessarily disagree.
However, we in NASA Headquarters feel that,
to answer this question, we will have to have a
manned orbital research laboratory to check out
the multiple stresses that man will be subjected
to for long duration. We do not have now a
way of finding answers to this question.
Mr. Ra'l'hert: I would like to throw in an engi-
neering input to that. The extrapolation from
some of the theoretical considerations of human
behavior, to predict what is likely to happen
to a certain group of people confined for a cer-
tain time on a certain mission, is a very danger-
ous thing. Many papers have been written
which, if taken literally, would indicate that
submarines should not leave their home base
and that B-29's should certainly never go on
24-hour refueling missions. I think the use of
the orbiting laboratory or actual checkout con-
cept is the only reliable method. The human
test pilot--or the professional vehicle-and-
systems handler, if you will--is a different
"breed of cat" from the "average person" that
has been studied academically for a number of
years. The performance of these pilots is con-
stantly amazing us. We can do confinement.
studies; we can induce certain effects that indi-
cate there are very serious problems, using test
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populations made up of average individuals or
selected by some one index or another. Then we
can throw in an experienced test pilot or B-29
or B47 pilot and upset all our results because
he just sits there and does the job. Motivation
is the primary thing. If the experienced profes-
sional is motivated to do the job, he will do it--
and he will upset all your theories about such
things as cubic feet per man and auxiliary
equipment to amuse and entertain him.
Dr. Barron: I do not quite agree that psychi-
atry is a science. I do not classify it as a science,
but I will try to answer your question. Some
of the very finest test pilots--not very many,
but some--and some of the most valorous sol-
diers have been severe paranoiacs, for example,
We are really concerned about the whole busi-
ness of personnel requirements and testing at
the present time. This is undergoing very criti-
cal evaluation. We are not entirely sure that
our method of selection is proper. Perhaps it
was for the work we have to do at the present
time. It is difficult to answer the question,
again, because we are not quite sure what the
stresses are. As long as they remain unknown,
we have to begin with the concept that these
types of flights require people of certain types,
with certain basic skills and with certain capa-
bilities which may have nothing to do with per-
sonality types whatsoever. They will have to
have certain amounts of courage which you may
also call motivation. I will certainly agree that
this has made the tremendous difference, in
many studies, between success and failure---per-
sonal motivation on the part of the individual.
Earl Johnson: Discussion of motivation brings
up another point. As one considers the discus-
sions of this conference on space, science, and
their impact on urban life, one tends toward the
conclusion that behind it all is the dollar.
When you see proliferation up to 187,000 proj-
ects in a very narrow area of the conference and
consider the length of time NASA has been in
existence, and then extrapolate into the future
the growth in the budget of NASA, you begin
to wonder whether the necessary motivation is
present in the urban dweller to raise the amount
of taxes necessary to pay for this.
Obviously, everything that is being investi-
gated here is essential for the success of the
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mission. Obviously, there will be a tremendous
amount of fallout which can be utilized for the
good of industry and for human life. But is
there not some kind of time scale that needs to
be observed from the standpoint of the genera-
tion and formation of capital to take care of
this study ? In 1962 the budget for the Defense
Department was $56 billion, which happens to
exceed the gross national product of France.
You begin to wonder what you can afford to do.
I wondered if anyone engaged in the research
end of the business would care to comment on
this?
Mai. Mcln_osh: Yes, I would. This is the rea-
son Dr. Konecci was not here today. He was
testifying before Congress--selling, essentially,
our research program to representatives of the
American people. They ask very critical ques-
tions. We ask ourselves questions, too, concern-
ing what it will take to reach our goals-and
our goals are quite well defined for us in terms
of obtaining research on the body systems and
setting up design specifications for equipment
in order to accomplish these missions. We look
at the dollar figures too, in terms of accomplish-
ing research. This is the reason we went
through this systems analysis in total. We de-
fined all the tasks, and then we narrowed them
down in terms of what tasks we have to do to
accomplish our mission of getting to the moon
or to accomplish interplanetary missions. Then
we asked how we could save money on these
priority tasks. We proved to our satisfaction
that the best way to save money--or get the most
for our money--is to provide the contractor with
a stack of information that is available from
Russia and from America.
We have charts which show a drop-off; that
is, a great deal of our work will be completed
by 1965, in terms of body systems and in terms
of specific missions. Much of our equipment for
specific missions will be developed by 1965. We
have set these as some of our goals. We believe
that once we get the basic information, expendi-
tures will drop off.
Mr. Johnson:When you look at what has hap-
pened in the past, in order for a research dollar
to be transformed into a successful piece of
hardware, you must ultimately multiply that
research dollar by a very large factor--and this
applies to the full spectrum of disciplines. Add
to that the fact that the complexity of the re-
sulting vehicle increases vastly. You may be in
the position of hastening research and bringing
into fruition the vehicle but, because the money
has all gone into _rch, finding yourself with
none left for the vehicle.
Dr. LouisWinnick: One of the panelists indi-
cated that life science is almost a new branch of
medical research--that for several thousand
years, medical research was addressed to pa-
thology, to disease and its cure. Here you are
looking not only at what might be regarded as
health, rather than disease, but at the upper
limit of health. You are not trying to test
representative men, but perhaps the upper 1
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are engaged in performancetests.Ithas been
my experiencethatperformancetests--whether
in industry with light bulbs or in biological and
psychological experiments with rats and other
animals--are always based upon a premise of
variances. That is, no two performances will
ever be identical even though the specimens
possess similar outward characteristics, but
most experience will follow some kind of normal
distribution. Therefore, only a certain proba-
bility statement can be made about the perform-
ance of various types of specimens under con-
sideration.
In the space research experiments Maj.
McIntosh talked about, you put a man in a
cabin and there he is quite happy. The question
of motivation is always present. It is very diffi-
cult to extrapolate from this experience a prob-
ability distribution of performance for the next
hundred men that go into space--or the next
thousand. Your research, instead of being per-
haps overexpensive or overbudgeted, is still
vastly Underbudgeted. You really will not have
reliable findings as to performance under the
space stress conditions of isolation until you
obtain a probability distribution by performing
this experiment over what would be regarded by
any statistician as a fairly usable sample.
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DEVELOPING AND MAINTAINING
OPEN CHANNELS OF COMMUNICATIONS BETWEEN
THE LABORATORY, INDUSTRY, AND THE COMMUNITY
Dr. George L. Simpson, Jr.
It seems to me that this topic, which is quite
general and broad, might be broken down into
three categories. I will dwell only briefly on
the first two because they have been developed
earlier in this conference; I will leave it to the
p_.ne!ists to develop these further. The third
category I will consider in somewhat more
detail.
The first category is that dealing with com-
munication between laboratory and manage-
ment--communication between the research
people and management people--their needs,
their thoughts, their hopes. This is an ex-
tremely important problem, not at all limited to
private companies and industrial concerns. It
exists in Govenlment agencies, such as NASA,
in which there are very much the same kinds
of problems as between management and r_-
search people, or as between headquarters and
centers. This problem is also found in the
universities as between scholars on the one hand
and deans and heads of institutions on the other.
The second category is the mass communi-
cation problem. This is the one Dr. Kimball
has referred to, the problem of storing, of index-
ing, of retrieving, of making available to re-
search people generally the great inundation
of information coming from a wide variety of
sources. I do not have the answer to this prob-
lem. We in NASA have a program which we
are pushing vigorously; other agencies of the
government have their programs. The govern-
ment as a whole is seriously involved in bring-
ing more out of its own operations. The same
trend is reflected also in private industry, in the
academic community, and elsewhere.
The third category, to which I would like to
address myself especially, is that which relates
to the general focus of this conference on urban
life and on the problems of these great metro-
politan communities in the matter of their ac-
cess to, their awareness of, their use of research
and knowledge--the application to their situ-
ations of the best that we have. Let me review
what i think has been h_ppcning in this c_untry
and why this problem has a particularly sharp
relevance.
As previously mentioned, we have in this
nation moved to live in great metropolitan
centers and in their associated hinterlands. In
this movement, we have in effect destroyed old
values and old patterns of doing things. We
are in the process of working out new values,
new patterns of living together, new solutions
to our problems--some of which are old prob-
lems, perennial problems, some of which grow
entirely out of this new ecological arrangement,
this new concentration of life that we have
moved to. We are, I think, evolving a new type
of locality, a new type of local interest, a new
sense of somehow having to solve problems at
the local level, including the problems of the
large metropolitan city.
The attack on these problems is in part a
matter of research, of getting the data, of intel-
lectualizing. It is in part a matter of study, in
part a matter of engineering, in part a scientific
matter. But before, during, and after these
things, it is essentially a social situation--a mat-
ter of working out in our social relations, in our
understandings, not only the things that should
be done but the acceptance of them and the
capability of putting them into effect.
Much of this conference to this point has been
devoted to what science--particularly the
NASA program, but also science in general--
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can contribute to the solution of transportation
problems, air pollution, and all sorts of specific
problems. Yet I wish that in this seminar on
communications between the laboratory which
I interpret here as being our source, our base of
knowledge, and the community we might also
maintain a clear-cut regard for those social rela-
tions involved in establishing communication
in terms that are useful to these people who have
suddenly flocked to our great cities.
I suggest that there are three essentials in this
process of bringing a great metropolitan com-
munity-Oakland, for instance, its neighbors
and relatives--into a useful, effective relation-
ship that will facilitate the communication and
use of the best knowledge available from scien-
tific research. The first element is this: There
must be built into this situation that we are liv-
ing through a source of knowledge and research
that is not ad hoc, that is not called up always
by crisis, but one in which the people involved
either have or can develop confidence. We must
think not only of the intellectual content of the
new knowledge that might help solve problems,
but, because we are dealing with great masses
of people in these metropolitan communities, we
must provide a source of information that has
the confidence and acceptance of the people of
the community. Effective communication lead-
ing to local action cannot be provided through
a national organization. It requires a local
source in which confidence may be built up
throughout the community. Now, there are
dangers here, of course---parochialism, among
others--but I do riot think that we can get away
from this basic necessity. This must be a source
that is above reproach, a source that keeps itself
clear of involvement in partisan matters--and
yet, as discussed subsequently, it must be a source
that is related closely enough to problems and
to action agencies so that it is not "ivory
towered."
What might be some such sources if we were
to start today to seek them in Oakland or any
other metropolitan community ? In what direc-
tions would we look ? To some of you it might
occur that one source that has been widely used
in this nation--one that has done so well that it
is about to work itself out of business--is the
agricultural experiment station and its asso-
ciated extension work. Here a communications
network is built into the local level, with re-
search established at least on a state level, often
on a regional level also.
There are others we might consider. What
about planning agencies? Is this a source?
Can this be a source for bringing to the people
of a metropolitan community the best in knowl-
edge, of performing research, of commissioning
research ? On the whole, while there has been
some success, I don't think experience indicates
that planning groups provide all the answers.
Much of the information that we act on or
don't act on at the local level is provided by ad
hoc citizens' groups. Here again, I don't know
that we would want to depend on this. On the
other hand, we might want to examine the pos-
sibilities of a set or group of citizens' groups--
some now established in the framework of the
metropolitan community--that would, over a
period of years and on a more permanent basis,
work at various problems.
We might also look very closely at the estab-
lishment of a research activity in the metropol-
itan community government itself. Although
there are many examples of this, I think we
would probably agree that success has been
limited.
Another direction in which we might very
well look--and one which may hold at least the
beginning of the long-term solution--is to the
university. It seems to me that in this pattern
of the future that is developing, the core of the
metropolitan center is, more often than not, a
university situation, and I believe this relation-
ship is going to extend. The university is be-
coming increasingly important in our lives in
many new ways. So it may very well be that
the pattern of the future will involve establish-
ing confidence in a university, in a metropolitan
situation, as that source through which the best
of knowledge, research, and information is
brought to bear on the problems of the
community.
Now the immediate reaction to this will be,
"This is not what the university is for--this is
not the very core of the university." I would
agree at once. What we are discussing is a
social situation, however, and social situations
change. Also, there is always a social context
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for our institutions no matter where they are.
The university may very well be drawn into a
new level of joint activities with the metro-
politan community in which it exists.
Let me give an illustration here from my own
home situation in North Carolina. In that
State, the university has played a rather general
part, but at the same time a specific one in terms
of programs, as a source of information, as a
communications link between the people of the
State on one hand and the best of our knowledge
on the other. This has been done in a variety of
ways, and its success is really rooted in the his-
tory of the State. I do not in any sense con-
sider that "spin-off" from experience in this
essentially rural situation applies directly to the
new metropolitan situation. But let me indi-
cate what kind of thing has happened there.
_L.Ju_ _,, .... yca_ ago, there was _..h-
lished with much pain and anguish what is
called the Institute of Government in the Uni-
versity of North Carolina. I say "in" that is
not entirely true. It was established "in rela-
tion to" the university by a man from the law
school whose dream it was to go somehow into
all the localities and counties and cities and,
quite simply, read the laws to the sheriffs and
the clerks of courts to bring order into the ad-
ministration of justice in the State, especially
at the local level. This Institute was organized
not apart from the university; it maintained a
very close relationship with the university; it
maintained, frankly, the independence that uni-
versity association gave it. It did not become
an institute dependent on public support apart
from general university support, nor on private
or foundation support. It achieved the ability
to move out into the area of government im-
provement and reform on its own terms. I
emphasize this point primarily to indicate that
this keeps this kind of source of information
above reproach. It is on this basis that confi-
dence can be built. Here there is a very delicate
line between, on the one hand, being merely a
study organization and, on the other, taking
action which does not become involved in
partisan or factional disputes to the death of the
organization.
Over the years, this particular organization
has been extremely effective both in maintain-
ing a viable, proper relationship to the uni-
versity and at the same time, becoming a link in
communication-4hat is to say, first trans-
ferring the best of information to the local
groups and later, as that State and all other
States began to centralize in taking statewide
action, becoming in effect the staff to the gen-
eral assembly and to the government. It has
functioned not only in the strictly legal sense,
but in a wide variety of activities that range
from planning, zoning, to government reforms,
tax reform, to the study of matters relating to
highways, transportation, to pollution control
and water supply. What I am indicating here
is not necessarily the solution, but it is the kind
of tlfing that must be built into the evolving
life of the metropolitan communities--leading
toward access to, use of, and confidence in a
source of information, a pervasive source and
eventually a long range source.
However, it is not sufficient to have the best
sources, even a source in which there is general
and nearly complete confidence. Somehow a
source of information, of communication must
be tied rather closely and insistently to a struc-
ture of action. Communication must be sharp
enough and focused enough to be acted on; the
best source of information can only give infor-
mation. To be effective it must be brought very
close to a structure of action.
Let me give an illustration. The present
Council of Economic Advisors is at once a
source of information with a specific directive
and a part of the structure for governmental
action. Because it is built into this structure, its
study, its work, its communications cannot be
ignored.
In the metropolitan community, there must
be established in the structure of government a
mechanism by which the best of the informa-
tion that can be brought to bear on community
problems is so related to the structure of gov-
ernment, the structure of action, that it cannot
be ignored--not that the information must be
accepted, not that it must be applioch But the
mechanism must be such that the information
cannot be ignored in the normal course of that
community's life and action.
Finally, there is the motivation that must be
developed to obtain action. The general e.x-
164 CONFERENCE ON SPACE, SCIENCE, AND URBAN LIFE
perience has been, and will continue to be, that
in the areas of public action--particularly those
involving the application of new knowledge to
a particular problem--concurrence and action
are normally attained only under the stress of
some extra motivation. Citing once again from
my experience, we had three comnmnities which
tried for a number of years to come together to
develop a metropolitan system of government,
particularly with regard to transportation and
water problems, including a disposal problem.
There were many studies; much information
was communicated. But there Was no structure
involved. It was only after a particular struc-
ture, in this case an ad hoc structure for gen-
eral economic development, was set in motion
that it became possible to see possible solutions
for these problems of metropolitan life. Be-
yond that, specific economic advancement began
only after there was some brick and mortar in
a particular activity. This area was then able
to establish a metropolitan water commission,
to attack jointly the problem of water, disposal,
and transportation.
It is this that I refer to as motivation. I don't
know if this can be in any sense planned for or
structured in the way that the first two elements
that I have discussed might be, but I think that
in this evolving metropolitan situation motiva-
tion cannot be ignored.
PANEL DISCUSSION
W. Kenneth Davis: I would like to comment on
the problem of communication between the lab-
oratory, industry, and the public, primarily
from the point of view of an engineer, an engi-
neer who is trying to make some practical appli-
cation of some of the things which are coming
from the laboratories and from theoretical re-
search work. Certainly one of the key points is
that the engineer, as digtinguished from the
scientist, is concerned with economics; he is
concerned with cost. I distinguish somewhat
between economics and cost because one has to
look beyond simple bare cost. The engineer is
generally oriented towards some type of eco-
nomic or cost system, and he is also faced with
a problem of being able to make some practical
application of what has been discovered.
In general, the engineer finds that although
many things come out of the laboratory, most
of these are treated veIT optimistically and then
are found to have numerous practical problems
in their applications. There are certain prob-
lems that generally arise. For instance : What
can you make the things out of ? How long will
they last ? What will they cost? The labora-
tory work is often not directed towards these
more or less practical problems, and, as a result,
much of the work that might otherwise be of
value cannot really be translated into useful
commercial products. I'm thinking here pri-
marily of works from government laboratories,
and sometimes even from industrial labora-
tories, in the applications to industrial products
and processes.
Scientists and engineering scientists often do
not feel that they have any particular obliga-
tion to "sell" their ideas to those who are per-
haps likely to make the commercial applica-
tions. In fact, they would much rather talk to
each other and write a lot of articles which per-
haps only they read. In many cases there is
simply no feeling of responsibility by the lab-
oratory people that it is part of their responsi-
bilities to "sell" their ideas. They seem to feel--
and this is a generalization which is always
hazardous--that if their ideas are not recog-
nized and put to use by someone, then this is
the other person's fault and not theirs. This
difficulty has been somewhat recognized by those
responsible for extensive programs such as the
NASA program and parts of the AEC pro-
gram. Some people recognize that unless they
are able to sell the value of the program, the
program is not likely to continue on the present
scale for any great length of time. But I am
somewhat concerned that, unless some real
transfer of information can be made and some
practical uses made, the public is not going to
be sufficiently concerned to support the pro-
gram too long. Certainly the scientists in the
laboratories are going to have to do their part
in helping to effect this communication.
People often assume that information can be
transmitted simply by preparing reports and
by sending them to someone, or by compiling a
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great mass of information and making this
available. In the area of development, as dis-
tinguished from that of research, there is an
absolute necessity for experience in doing this
type of development work--individual experi-
ence or experience in the company or enter-
prise that is going to make a practical
application. There is a need to have access to
the people who have done the work, to see the
work, and to go through the process. This
means that the mere compilation and dissemi-
nation of reports, often out of date and in a
language which is difficult for the practical
engineers to understand, is simply not adequate
for a transfer of information. Often there is a
tendency to place developmental programs in
Government laboratories or universities with
the expectation that somehow the information
coming from t,L_,.......can be ,_,,,_11_-_"'_"..... _vv---_l;_ ,_v
industry. This is a very fundamental difficulty
in many parts of our system, because if we truly
expect commercial and practical applications,
the only real way in which this can be done is
to have the people who are going to make the
application actually carry out the development
work. It is simply not going to do any good to
have the universities do ]t and then hope that
some industrial company will pick it up, or to
have the Government laboratory do it with the
same expectation. You can do it for fairly new
fundamental ideas; but when you get into the
area of development of techniques or processes
of importance, this kind of a transfer is going
to be extremely difficult. 5 think it is responsi-
ble in many cases for the obviously slow trans-
fer aiad utilization of the $10 or $12 billion
worth of research and development that is sup-
ported by the Government every year.
Dr. SrniCh J. DeFmnce: I agree with Mr. Davis
that the prime purpose of any scientific investi-
gation is to "sell" it and not just to report it.
Fortunately, in the scientific community we
have wonderful opportunities now for dissem-
inating information among scientists through
professional meetings and journals of the so-
cieties. But I have been wondering whether we
are using that facility to the best advantage.
In many instances it appears that the scientist
is more interested in talking and getting his
name in print than in what he writes. One goes
to some of the technical meetings and sees the
same people speaking on the same subject under
a different title. In that way we are flooding
the scientific literature and contributing to the
problem of information retrieval. I think that
scientists and engineers---in their conununica-
tions not only among themselves but with in-
dustry at large and the public--need to be more
selective in the material they produce and try
to "sell."
.An observation on another point--in the Na-
tional Advisory Committee for Aeronautics,
predecessor of NASA, it was our policy in work-
ing with industry to do the research and turn
over the results of our research to industry to
carry out the development. NACA did prac-
tically no development. Although NASA has
been getting into the field of development and
hardware more thnn in the past, I believe it is
still our intent to contract most of the develop-
ment to industry. I hope we can establish the
same good communications we had under
NACA for delivering that information to in-
dustry and to the academic community for their
USe.
As to communications with the public, I think
it is very commendable that the mass media
have changed since 1958 so that they can now
really bring a message to the people of the coun-
try. At the time of Sputnik, I think the average
man in the street, reading the popular press,
didn't know what the writers were talking
about ; I wonder if the reporters who wrote the
articles knew themselves what they were talk-
ing about. I think it is very commendable that
since 1958 they have made wonderful improve-
ments, enabling the man in the street, as well
as the youngster in junior high school, to un-
derstand. I can see that the public must under-
stand the space program--for the space
program involves one of the largest expendi-
tures of money that we have had in this coun-
try or in the world. We have to "sell" our prod-
uct to be supported by the public.
Dr. Weldon B. Gibson: It is characteristic of
this process of communication that it takes a
transmitter and a receiver. There are two or
three points in that general context that I will
cite.
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First, in connection with the general idea of
transmitting from science to industry, one of my
associates and I have been engaged for a num-
ber of years in the study of the processes of
planning for the growth and development of
industry in this country. We find that, of about
3,600 of the largest companies in this country,
about 20 percent have some organized means of
planning and assessing the impacts of science
and technology on their future growth and de-
velopment. We have stated a law from this
work: Problems in industry and in management
increase faster than the means to solve them;
bu_ good planning can help close what we call
this managerial gap, and in closing that gap,
the surveillance of the state of the art in science
and technology is a very important function.
With respect to the matter of transmitting
and receiving technical information, it seems to
me that an exceedingly important aspect of this
problem is that of transmitting to the techno-
logically underdeveloped industries, or those
that are nontechnologically based. An example
may illustrate what I mean. In 1950, some of
my associates and I were engaged in a long-time
conversation in San Francisco with a large com-
pany in a nontechnologically based industry.
Later, we checked our transmitter and found
that: yes, we had the power; we had the right
frequency ; but something was wrong. We soon
realized that the receiver was turned off. That
very day, I had a 4-minute conversation with
one of the participants in that meeting in which
I asked him if his receiver was open, if he was
prepared to receive a message. When he said,
"yes," we described to him the idea which finally
led to the ERMA development. The applica-
tion of electronic recording machine to account-
ing is now, I suppose, the greatest technological
development that has occurred in the field of
banking. I think this is a great example of a
transfer of technology into a technologically un-
developed or a nontechnologically based indus-
try. But while there are more and more trans-
mitters open now, one does have to find the
right key.
With respect to the universities on the one
hand and industry on the other, I commend to
you the example of Stanford and its Honors
Cooperative Program in which an effective lhik
is being formed between industry and university
in the scientific and technical fields. I believe
this is being done without any diminution of
the quality of either the academic teaching or
the research. In fact, because of the sound
financial manner in which the prog-ram is being
established, it is enhancing both sides. There
are increasing instances---particularly where
universities are surrounded by large technolog-
ically based industries--of joint faculty ap-
pointments in industry and in the university.
It seems to me that this is a practical way to
make sure that our receivers and our transmit-
ters are working and are on the same frequency.
Now, while we are aware of the necessity for
increasing the applications of science and tech-
nology in this country, there is also the broader
scene involving the whole international area.
We have two major developments occurring in
the world--very rapid increases in population
in countries that can least afford it, and very
rapid decreases in the numbers of people en-
gaged in agriculture. The developments of the
past 50 to 75 years indicate to me that one of
the major problems in this world is • What will
we do with the people who flee from an in-
creasingly efficient agriculture. One can find
examples of this all over the world. As time
goes on, the same problem that we are feeling
is an intensive way in this country--where less
than 10 percent of our people now remain with
agriculture--will encompass parts of the world
where now, 75 percent of the population is en-
gaged in agriculture. I think this is 9ne of the
fundamental problems in the world. The fact
that this is being increasingly realized around
the world is perfectly evident from the major
impact of the meeting in Geneva on Science and
Technolog3z in Underdeveloped Areas. There
were 1,800 papers there, and the principal prob-
lem that has evolved is how to boil them down
in order to get an effective transfer to people
who have their receivers on.
Dr. Willard F. Libby: It seems to me that I can
add one thought to those that have been put
forward--that is, that we may find it helpful to
foster and encourage adult education programs.
I have been very impressed at UCLA, where
I teach, with the 10,000 people who come to
school every night. Last year, I signed up for
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a course in Space Science. It cost $100 to do
it--for me and one of my graduate students.
There were 300 other people paying $5 a seat
each week for 10 weeks for a 3-hour talk, and
it was a good bargain.
I don't think any one suggestion is the answer
to a very broad and difficult problem that has
been placed before this conference, but I do
think adult education--the idea that you've got
to keep going to school is one we have to con-
sider. We will accept that we have to continue
to read about and to study new developments,
but sometimes it is difficult to comprehend by
merely reading. The matter may be too com-
plicated or may be too new to reach over into
our experiences, and so it may be necessary to
go back to the classroom. The technique for
adult education and extension programs is
pretty well known, but it might be a good idea
to use it more generally and on a larger scale.
I don't cite this as "the" answer, but as one of
the things that could be added to the list.
There has been particularly direct experi-
ence in this matter in the atomic energy work.
Here was a development as new as space---per-
haps in some ways newer--which has tremen-
dous potential for the community. We are
going into the atomic power age at a rapid
rate. We have tremendous growth ahead of
us in this direction. We have received large
numbers of benefits from radioactive isotopes
and radiation; but every one of these could be
multiplied by a dozen if the average technical
man understood isotopes and radiation or the
potential for movement of earth by atomic ex-
plosions. So, we have in atomic energy one of
the very best examples of what this conference
is about. But, despite all of the effort the AEC
has expended toward wider use of atomic
energy, it has not accomplished a perfect job.
I think the organization has done a pretty good
job as far as information is concerned. It
placed the material on shelves of the librariee--
you can g_t it if you really go after it. But this
is an example of why you can't always read
soma_ and _omprehend it. I think we
ought to consider more extension work as one
of the several things that can be done to help
solve this problem.
Dr.John P. blash: The problem of communicat-
ing between scientists and engineers in the
community is not a new one at all. It is one
on which every industrial concern has spent
a lot of time and effort--and I thinkthat so far,
most industrial concerns will agree that, as yet,
they haven't even begun to solve the problem
of communicating between the people in their
own laboratories. Those of us who have been
in industrial research and engineering man-
age_nent for any length of time have all had the
embarrassing experience of finding that two of
our laboratories--perhaps even in adjacent
buildings--were working on the same prob-
lem, and no one knew anything about it. It
is not the kind of thing we like to admit, but
it does happen.
We worry about how we can get our research
id_a_u into development and how we are even to
find out what the research ideas are---because
many of the best ideas that come out over a
period of years are ideas that result from re-
search programs which were intended for quite
different purposes. We don't know how, on a
broad scale, anybody gets acce_ to information
so that from a new context, ideas can be used
in a new way.
The first requirement is that the people who
are working on these things---and this has been
said over and over again, I merely want to
reemphasize it--must be working in an en-
vironment in which they know where their
ideas are going when they are developed
and how these ideas might be developed. There
isn't a place any longer for the isolated research
laboratory, and if we do have an isolated re-
search laboratory these days, it certainly is go.
ing to die. A research man has to be somehow
in the mainstream of the activity of his or-
ganization-and this is not an easy thing to
do, either.
My second point is that there has to be a de-
termined effort in communicating between
technical people. This sounds rather trite, but
it really isn't. Unless some scheme is worked
out or some plan is made whereby the new
technical ideas are transmitted in, shall I say,
the less technical directions, we will fail in our
communications. We have discovered in our
own activities that we cannot count on the
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engineers to make the effort to get their ideas
from the research people, or the manufac-
turing people to get their ideas from the engi-
neers; it must work in the opposite direction.
I think the same thing is true in working with
the community. As these technical ideas de-
velop, they must be transmitted to the com-
munity. One way is with the adult education
program that Dr. Libby has suggested. I think
we are making quite a lot of progress in this
direction now, because it is certainly true that
communities are becoming much more tech-
nically oriented than they used to be.
There has to be an active interest by the
community in what is going on in the research
laboratories and in the development laborato-
ries. The community no longer regards the
research and development people, or other
technical people, as miracle workers, or as peo-
ple who, by means of witchcraft, develop re-
markable new ideas. The community is learn-
ing that research and development people are
really people like themselves who work hard
at their jobs and achieve their results in ways
that are not at all miraculous.
I think the team approach of research and
development is, in general, going to help the
communications problem--and they are rare
problems indeed that are worked on in our lab-
oratories in the universities, or in govermnent,
or in industry that are not attacked by fairly
large groups of people. An electronics prob-
lem migh_ be worked on by metallurgists,
ceramicists, perhaps statisticians, chemists, or
maybe occasionally an electrical engineer.
Here, communications within the group itself
can be a problem. We have found that such
communications problems are best solved by
having the people work together on the reports
that are prepared.
Referring to Dr. Kimball's remarks about
Ph. D.'s who can't write, I think this is one
of the severe communications problems. Our
technical publications organization has diffi-
culty in talking to scientists and engineers.
And scientists and engineers often don't realize
that the only thing they have to sell in many
cases is a piece of paper. If the piece of paper
cannot be read, then the results are not very
useful.
Dr. Simpson made the real point, as far as I
am concerned, in connection with this commu-
nication problem. The point is that the com-
munications problem is a sociological problem
rather than a scientific one. I think the prob-
lem can be solved only by developing a mutual
confidence and understanding between the
technical people on the one hand--who must
realize that the community at large has a right
and a need to know what they are doing--and
the community on the other hand who must try
to understand, through these various other
teclmiques that have been mentioned, exactly
what is going on in the laboratories. We can
help communications by using computers, auto-
matic abstract-making devices, language trans-
lating machines, and the like. However, I be-
lieve mutual understanding is the key to the
eonnnunieations problem.
GENERAL DISCUSSION
Roben _ D. Bugher: I would like to suggest that
it might be useful for cities to appoint scien-
title advisory committees to work with local
units of government, particularly in the larger
metropolitan areas. We have undertaken
studies which clearly indicate that our people--
professional public works people such as the
street superintendents, the superintendents of
water and sanitation, and so forth--are not
sufficiently familiar with new technological de-
velopments to propose useful research projects.
On the other hand, we have evidence that there
are many people in the scientific fields and in
industry who aren't very familiar with practi-
cal problems at the local level. There is a gap
here that can't be solved by conferences now
and then. It takes a prolonged association of
people with these different backgrounds.
About a month ago, I attended a meeting of
the American Society of Civil Engineers in At-
lanta, Ga., on Environmental Engineering. I
think that civil engineers are beginning to un-
derstand that they need to have a broader back-
ground in economics and sociology. One of the
students who spoke at that meeting indicated
that he went to the school of economics and took
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some courses, but they were taught in a way
which was not very practical for him, and he
didn't get much out of them. I think this is a
real communications problem. The courses
have to be presented in such a way that the
student can see useful applications in order
that he can put them into effect. Again, I
would suggest that there is a place for a scien-
tific advisory committee to municipalities
which could be made up of people from univer-
sities who are going to be teaching these stu-
dents. I think the university people would
themselves benefit by that. I also suggest that
public officials and their experts could attend
such meetings and present their problems for
consideration by scientifically minded people--
again to the benefit of all.
Robed H. Ryan: In order to provide a linkage
between the new ideas coming out of the scien-
tific laboratories and the problem of economic
growth, we have a group in Pittsburgh com-
posed of 10 scientists from 3 institutions--Car-
negie Tech., University of Pittsburgh, and Mel-
lon" Institute. The group advises us--"us"
being a quasi-public development corporation,
financed publicly and privately--as to three
things : First, the new scientific ideas that have
industrial development potential to the region;
second, the merit of scientific ideas that we are
willing to finance by providing risk capital for
new incubator situations; and third, the iden-
tity of the "Dave Packards," the "Ed Lands,"
and the "Varian Brothers" of the future so
that we can find them and finance them. We
have been doing this for only 6 to 9 months.
The results are good, but I would not be pre-
pared to stake my life on them.
The efforts of this group are coordinated by
a full-time Ph.D. atomic physicist who is an
interdisciplinary guide. As an individual and
part of the staff, he is devoting a major portion
of his time to developing the linkage between
the local corporate research laboratories and
the universities and nonprofit research facili-
ties in the area. We are doing this as an ex-
periment. We have high hopes for it. We trust
that we, as an organization, will in time develop
the kind of support--basic, massive public sup-
port--which is vital if the program, of which
this example is only one facet, is going to pay
off.
Alton G Dickieson: Of the billions that go into
R&D, the great bulk of it goes into develop-
ment--and the great bulk of that produces
hardware which is of no use whatsoever to the
civilian economy ha that form. The job really,
it seems to me, is to translate it into that missing
link. This is a development job of picking up
those ideas and translating them into the things
that our friends from the "De Facto Corpora-
tion" can use.
Dr. Nash: It is the problem of finding the
ideas in the laboratories that were used to
develop these things for special governmental
programs that may have application elsewhere
besides the Government programs--and this is
a very hard thing to do. Many companies have
people with broad backgrounds in science and
engineering, whose job it is to talk to the labora-
_.ot-_r_ and try 1_,,_ from t ham thetory ....... to ........
things that perhaps the laboratory workers
themselves didn't realize had applications in
wider fields. This is only in its infancy in many
places, and it is hard to do.
Louis B. C. Fong: A particular corporation
which faced the problem of intercommunica-
tion between physically and geographically
separated laboratories originally held seminars
which involved many man-hours of effort; they
have now resorted to the simple device of film
strips--very short film strips--in which they go
directly to the laboratory and let the laboratory
innovator describe his ideas in very simple
terms. Collections of these short films are used
as the intercommunication means between one
laboratory and the other. It works out beau-
tifully. I think their record of growth and in-
novations supports this technique.
Arthur N. Fried: From the standpoint of com-
munications, I would like to draw attention to
the problem that was faced within the DOD.
For information dissemination, there are some-
thing like 300,000 scientists and engineers work-
ing on DOD-sponsored R&D. For these scien-
tists and engineers to communicate with each
other would require something like a million
and a half communication chalmels. By cen-
tralizing the information source, the number
of these communication links has 'been d.,ras-
tically reduced.
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The same thing might be applied to a
specializedinformationcenterforhandling or
relatingscienceand technologyto the solution
of urban problems. Perhaps thiscouldbedone
through some type of institutewhich would be
establishedby the banding togetherof cities.
It seems to me that urban communities tend to
"go it alone." I think the time has come for
them to join forces, hecanse the majority of their
major problems are common--air pollution,
transportation, sewerage disposal, and so forth.
The solution to a problem for one city would
find application in many other cities.
Such an institute would mean a small per
capita expense, but I think the return would
be tremendous. It would have in it those people
who have the technical ability to draw upon the
information sources and rdate this information
to solutions of problems, meaning urban prob-
lems.




college,the extensioncourse,and the high
school.
Dr.Libby:I thinkthereisconsiderablemerit
in that. The AEC did something similar.
There have been a considerablenumber of
courseson the latestdevelopments in space,
science,and technology,and books do exist.
But thingsmove sorapidlythatthebooksmust
be continuallyrewritten.Itisacontinuingjob
to keep thesethingsup to date--which,I sup-
pose,isup to NASA. We do,of course,have
tohave schoolsgivingthesecourses.
Dr. Solo: There is a problem of bringing into
the curriculums of the university a very rapidly
evolving science, isn't there ?
Dr. Libby: Yes, but there is a way that you can
solve it. In the course I mentioned, there was
only one professor from UCLA, and the other
9 or 10 professors were outsiders brought in
specifically for this course in space science. The
university can serve as a center for this kind
of activity. You need not have everybody do-
ing the teaching on the staff permanently.
Dr. Simpson: We do have a rather extensive
program in this area, seeking to put out a va-
riety of materials that will be useful at vari-
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ous levels. We begin with materials prepared
for elementary and secondary schools, includ-
ing the spacemobile program which is su-
perficial but is a start. Then we do have a
rather substantial program of working with
colleges and universities in the area of teaching
methods, of summer training for teac_hers_ and
so forth. We also have a constant flow of ma-
terials, of booklets, of pamphlets of one sort or
another. However, this is a broader educational
problem. Space science has to be put into the
broader stream of education for science, and
we are taking some steps now that will relate us
more closely to the general streaxa of science
education.
Dr. Reynold M. Wik: In this conference we are
aware of the constant reference to the need and
to the importance of transferring knowledge
among all segments of society. We are also
concerned about the lag period of 10 or 15 years
required to implement an idea. We ax_ talking
about putting out ideas and materials in edu-
cational fields. I am wondering if one of the
problems might be that we have a bottleneck in
the field of copyright regulations.
As you are aware, when anything is pub-
lished, we have stamped in the front of the ma-
terial: "All rights reserved." Similarly, if we
submit a paper for publication and it is ac-
cepted by one publisher, it is limited to publi-
cation by that one publishing firm.
Here is a very definite limitation upon the use
of information. If one is teaching in the class-
room, this problem becomes a real one--you are
not permitted to mimeograph material because
the rights are reserved.
Probably not all companies reserve rights,
and some material is readily available. I am
suggesting that on some occasions when we sub-
mit information for publication, we encourage
the publisher not only to stamp on the material
"All rights reserved," but to add "This material
is important to the advancement of science and
technology, and therefore, anyone is welcome
to use it in any way he pleases." I don't think
this kind of liberalization of copyright usage
would either make economic chaos for the pub-
lisher or harm, particularly, the writer's sig-
nificance. I think we do have here a blocking
technique in which frequently the most impor-
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tant articles are limited to the journals with
the smallest circulation. This works contrary
to the wide dissemination of important mien-
title and technological information.
William M. Harrison: Just an observation:
Those of us who carry a measure of responsi-
bility in the urban area find it exceedingly dif-
ficult to transpose ideas into action. I wish the
universities would concern themselves with this
and perhaps help us.
Mr. Bugher: I would like to comment on a sug-
gestion that was made earlier concerning a kind
of research institute. Our organization, the
American Public Works Association, set up a
research foundation several years ago. The
basic purpose was to provide the means and
machinery by which research could be under-
taken in this field. The whole idea is to have
cities come and present their problems to the
foundation, and we also have a number of re-
search ideas submitted. We, in turn, go to
other communities to find if the ideas will be
of interest to them, and they put up the money
to finance it.
One project is underway now at Armour Re-
search Foundation. We have about 15 cities
that are putting in money to develop a device
to monitor continually fly ash emitted from
an incinerator stack. Public Health Service is
matching the city funds. Unfortunately, we
haven't enough money yet to finish the project.
We have contacted instrument manufacturers
to see if they have any interest in supporting
this kind of research. Our experience so far
has been negative. When we try to get sup-
port from industry, they usually indicate they
have their own research program underway. If
they can see an opportunity to get patent
rights, they will be glad to put up some money;
but they are not willing to join together with
communities in helping to finance research. At
least, this has been our experience.
Dr. Llewellyn M. K. Boel_er: There are several
comments tha_ I would like to make. One is
that I want to thank Dr. Libby for telling about
our program, which I believe is the most elab-
orate program in the United States in develop-
ing and transmitting information to the people
in the field, and in bringing information from
the field to the students who wish it. I invite
anyone who is interested in a program which
is working to look into it.
I think that this matter of not looking at
the information that is available and using it,
say for municipal use, has a root that is very
deep. If we look carefully at knowledge, we
know that its source is from the past. It is
from the immediate past and the present, and
it has to do with the productivity of the research
laboratories, I think you will find, if you study
carefully the way in which university curric-
ulums are set up, that most of the energy is ex-
pended in presenting materials which are from
the immediate past or from the present and
that we have overlooked entirely all the lessons
from the past, just as we are now almost over-
looking the lessons of the future. We must be
very careful about this whole matter of how
we si_ the information for use. I think it is
important for this conference to have in mind
that we are talking between two ends. One
end has to do with the resources which this Na-
tion has, or which all nations have collectively.
The other end has to do with the needs of the
people--and we are in the middle of this. We
are talking about something halfway between.
My other point is that it has been brought out
several times that the way to get people to com-
municate with each other is to throw them to-
gether and to reorganize them. I think a very
important and basic issue is that we recognize
once and for all that "knowledge for use" and
"knowledge as generated" are organized dif-
ferently. This is why professional schools and
universities exist. They exist because their
function is to reorganize knowledge. The
knowledge that is produced by the scientist--
who works in a certain way, who reasons in a
certain way, who produces his information in
a certain form--must be reorganized for us_
These adult education courses are designed for
exactly this purpose--to reorganize knowledge
for use. I wish to stress the difference between
organized knowledge as generated and orga-
nized knowledge for use. They are very differ-
ent with entirely different vocabularies.
I_uis O. Kelso: The whole field of technology
relates to the production side of the equation,
the production of goods and services. If we
could take every usable scrap of knowledge out
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of the space program, or any other advanced
technological program, and apply it to the civil-
ian economy, we would produce a vast amount
of goods and services. But, the interesting
point is, we cannot even consume what we pro-
duee now. We have very few industries that
operate at more thantwo-thirds capacity. That
is not the whole story. I come from the world
of finanee--I tell you we could double the ca-
pacity of any industry and redouble it u dozen
times over. So, the problem isn't a problem
of translation of information. I don't think it
is the central problem.
The problem, as several people have pointed
out, lies in the field of the social sciences. The
physical sciences have outstripped the social
sciences-outstripped law, outstripped eeonom-
ies, outstripped polities, outstripped finance;
they are miles ahead. They are not in the same
antediluvian world in which the nonphysical
sciences flourish. I weuld suggest that the
thing we should do is to attack the problems
in the social sciences. Open up the demand for
the products, the goods, and services that we
could produce if we applied our productive
knowledge! Then I think you will see an in-
credible transfer of knowledge. It will be
soaked up so fast that the world will change not
just 3 percent u year or 5 percent. I think it
could be u 100 percent. But you have got to
open up the demand side of the equation. We
can't concentrate all on the supply side and
solve the problem.
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WHAT SPECIFIC IMPLICATIONS
DOES EXPANDING TECHNOLOGY HAVE
UPON THE PROBLEMS OF METROPOLITAN AREAS?
Martin Meyerson
Every nation must beware of being the vic-
tim of its own propaganda. We must avoid be-
ing prey to our slogans, to our optimism, to the
image we try desperately to project to others.
We in the United States cannot afford to be
taken in by our own great expectations for auto-
matic progress through technological advance.
The ancient Greeks and Romans in their dramas
had a god descend out of the heavens when the
hero needed help; this device was labeled the
"I)eus ex machina"--god out of the machine.
Today, we often resort in our thinking to
"machina"--just the machine--and expect all
things good to be accomplished by machines,
new power sources_ new technologies of all kind_
Yet at the same time we are all painfully
aware that while we seem to be able to conquer
outer space, we are stymied by traffic jams in
metropolitan centers. While we are able to
transmit messages by closed circuit television,
we still cannot get a building inspector in one
suburb to discuss--let alone agree on--regula-
tions with the building inspector in the next
suburb. While we can devise elaborate input-
output tables, and calculate them with speed
and detail on the newest computers, we still can-
not work out equitable and adequate tax meas-
ures to finance local government services and at-
tract competent personnel.
Knowing this enormous discrepancy in prob-
lem solving, we are tempted to say s "If we de-
voted the same talent and money and time and
public attention to urban problems as we do to
space problems, we could solve them too." I am
not so sure that we could. For one thing, many
of the urban problems are not technical, they do
not have readily discernible objectives, and they
do not have manipulatable materials. Urban
problems are more often matters of value_ judg-
ment, and behavior. If they are "solved" ac-
cording to the views of some groups in the popu-
lation, they are unsatisfactory according to the
views of other groups in the population°
At the same times we should not undercut
what we are doing in urban affairs or minimize
the costs of technological advance. Technology
is no panacea, nor are urban studies unexplored
wilderneese_
On the one hand, we often forget the huge
capital costs necessary to exploit technological
advances. Even now, 60 years after the in-
troduction of the automobile, we are just get-
ting a full interstate highway network. We
often forget the time lag that so customarily
accompanies scientific and technical discover-
ies: television was worked out a generation be-
fore it was introduced on the market. We also
often forget the amount of research and ex-
perimentation that must be written off as waste
effort. On the other hand, although urban af-
fairs--and particularly urban research--are ad-
mittedly undermanned, underfinanced, and un-
derdog, there have been a number of excellent
studies recently, and they promise to get better.
For example, several members of the Joint
Center for Urban Studies at M.I.T. and Har-
vard have been working on problems of tech-
nological change and urban life. Aaron
Fleisher, a meteorologist and systems special-
ist, now on the staff, points out in his paper
entitled "The Influence of Technology on Urban
Forms" that "an adequate supply of water seems
to be the only condition that may stunt the
growth of cities. In all other respects, a city of
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fifty million is a reasonable extrapolation." He
expects that the relative growth of cities will
to some extent depend on their place in the air
network. He considers the one-car, one-air-
plane family to be a distinct possibility. He
warns that we are likely to make different mis-
takes in controlling the airplane than we made
with the automobile. He concludes that "pat-
terns of density within a city appear to be
largely independent of technological develop-
ments."
Richard Meier, who had been with the Joint
Center, explores in our monograph on com-
munications and urban growth the kinds of
communications systems which cities of dif-
ferent population size require. He examines
communication transaction capacities, public
controls, the psychic dangers of communica-
tions overload, and means of conserving human
resources and information. He suggests that
there must be vast increases in information
storage facilities and in the interconnections
between automatic systems if "advanced so-
cieties are to increase their organization and
capacities for cultural interaction."
We have looked into the problem of whether,
under new systems of communication, cities
will concentrate or decentralize their economic
activities in the future. Raymond Vernon, in
his monograph entitled "The Myth and Reality
of Our Urban Problems," which grew out of a
study of the New York metropolitan area, states
that the trend will continue, if not intensify, for
people and jobs to locate in the newer and outer
parts of metropolitan areas rather than in the
old. He thinks that only about 20 percent of
the jobs--those for which the communication
need is not satisfied by the telephone or other
mechanical means--are likely to remain in the
older congested areas. He is upheld in these
findings by Lawrence Schwartz's recently com-
pleted study of the relocation of the central of-
rice and its workers. Schwartz found a sur-
prising amount of mobility among office firms;
almost one-fourth of all offices sampled moved
at least once during the years from 1949 to 1961,
and the trend is unmistakably outward. New
methods of communication are not likely to
reverse this trend.
Robert Wood of M.I.T. and the Joint Center
directed a project at the request of the Munici-
pal Manpower Commission to look at the me-
tropolis of the future and the anticipated
changes in technolog-y for housing, water, trans-
portation, air pollution, power generation, and
servomechanisms and determine what new de-
mands these would place on municipal admin-
istration and personnel.
These are some of our studies which are al-
ready in the public domain. We are currently
working on a transportation study, relating the
emerging kinds of transportation to patterns
of density and urban form. We are also trying
to set up, with Harvard's Public Health School,
an investigation of new methods of waste dis-
posal.
I mention these activities which have gone on
and are going on at the Joint Center for Urban
Studies partly to show that some spadework is
being done in exploring the implications of tech-
nological change for metropolitan areas, and
partly as a reason for not discussing such things
as the immediate prospects for prefabrication
of housing, data collection and mapping, air
pollution problems and control, transportation
or the related subjects which might be discussed.
Instead, it may be interesting to consider sev-
eral other changes which may have even greater
impact than these upon life in metropolitan
America.
One change is the extraordinary shift in val-
ues that is occurring in the developed economies.
Max Weber in his brilliant study of the rise
of industrial man, saw in industrialization and
the Protestant Reformation, with which he as-
sociated it, the transference of the norms of the
medieval monastery to the outer world. The
rationality, regularity, precision, and devotion
to work and study which were characteristic
of the monastery had to be adopted by entre-
preneurs and factory workers alike if handi-
craft methods were to be replaced by complex
machinery and industrial organization.
In the developing countries of the world, we
see the advocates of economic progress insisting
on the monastic necessity of the clock and the
calendar, on litera_y, on set prices and wages,
and on other trappings of the industrial world,
rather than a personal rhythm, spontaneous bar-
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tering and haggling, and other time-consuming
practices of the preindustrial world. They
preach the values of rationality, devotion to
work, and orderliness. However, in the most
developed countries, the norms of rationality,
precision, and devotion to work, so essential to
the original industrial revolution, are being
eroded by the new technological revolution. The
work day and the work week get shorter and
shorter. The coffee break and the lunch con-
ference get longer and longer. The machine
has pushed people off the farms and out of the
oil refinery and the insurance office. More and
more routine tasks are being done---and can be
done--by machines; and many complicated
tasks seem more suited to machines than to falli-
ble men. New norms of consumption and leisure
have become the focus of the latter part of the
twentieth century in the United States and parts
of Western Europe and possibly Japan. Occu-
pation is no longer the preoccupation.
Is a new hedonism to be the general rule._
Will more and more people want to "goof off"---
to get by with sloppy performance, to do as
little as possible, to get the easy job, and to
remain uncommitted to their work ? Will their
commitment instead be to their boats, thor
country houses, their pets, their clubs, their
television programs ? Or will pleasure take the
form of more Sunday--and weekday--paint-
ers, more night classes, more community ac-
tivity ? The distinction I am trying to make
is not between passive leisure---watching a base-
ball game, for example--and active leisure--
participating in that baseball game.--but be-
tween a work orientation and a play orientation.
Just as the original industrial revolution de-
manded a work orientation, so the new techno-
logical revolution emcourages a play orientation,
whether directed to popular culture or the
capital "C" culture of the highbrows. Indeed,
our whole economy would falter without the
premise of frivolous or playful mass consump-
tion.
If a hedonism of play is to be the new norm,
then the great metropolitan centers surely will
be the focus for this hedonism. For this is
where man can buy and use what contents him.
It is even where he can be launched toward
the wilds if he wants to escape from it all, osten-
tatiously equipped with propane refrigerator,
air-conditioned tent, and nonfail fishing lures
from Abercrombie and Fitch.
In the era of the hedonism of" play, the
norms of work and study, precision and ration-
ality, proselytizing zeal and devotion to cause
are retreating from the larger world to a new
kind of monastery--the great university and the
related orders of the technological schools,
the colleges, the research corporations, and in-
dustrial laboratories. Like the earlier monastic
orders, the members of tim new ones--the pro-
fessors and researchers--must take vows of
poverty. Their vow of obedience Go truth has
bested boards of trustees and directors and
even State legislatures and congressional
committees.
Even the administrators of the new monas-
teries, like their predecessors, the abbots, pride
themselves on adding administrative duties to
their normal ones. If the university adminis-
trator does not continue his teaching, research,
and writing, he feels he has sinned.
Today, it is largely the university-based per-
son who is the new crusader, carrying the true
word to the developing countries. Armed with
the gospel of the computer program, the pro-
fessor or researcher carries the word around
the world. Nor does the new crusader neglect
the home mission : witness his work in the New
Frontier and his involvement with committees
of all possible kinds ranging from nuclear en-
ergy to building codes.
Certain important technological changes
which have implications for urban life are
underway. It will be the new monasteries
which will both shape and propagate these
changes for the outer world to use and interpret.
Electronic, chemicM, aeronautical, and
space research capture the popular imagination
and a large part of the research dollar. How-
ever, it seems that the most significant research
which will affect our lives in the years ahead
is biological.
We are all concerned about the population ex-
plosion. The threat of overcrowding metro-
politan areas seems particularly frightening to
some observers of California. But the biologi-
cal revolution may have an impact on our urban
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areas undreamed of now by those who fret over
increasing birth rates and decreasing death
rates.
R. C. W. Ettinger of Wayne State University
has had the courage to explore the proposition
that most Americans now breathing have a good
chance of physical life after death. Some will
call Ettinger a crackpot. Like most true be-
lievers he overstates his position. He says of
his proposition : "This fact represents the great-
est promise (and threat) of all history, not
excepting that of nuclear energy. Since it
seems nevertheless to have gone unnoticed, I
have appointed myself tocsin-sounder." I shall
pass over many aspects of Ettinger's argument.
For example, I dismiss his main idea that people
be frozen after death and kept in suspension
until in some future time new organs are de-
veloped. Rather, I think we are close enough
to the possibility of substituting man-made
viscera for human ones, that if immortality is
not within our grasp, at least a span of life
many times the biblical one of three score years
and ten, is.
Ettinger uses much evidence to buttress his
position that biological renewal is impending:
the regeneration of tissues and organs, trans-
planted organs from human beings, mechanical
hearts, lungs, and kidneys.
I will pass over the questions of how quickly
and how well we will be able to succeed in these
biological tasks, and assume that we will be able
to master the human body, just as we will be able
to master weather at some future time. The big
problem is not how many mechanical devices we
can turn out, or how cumbersome or comfortable
they may be, but how these devices will be allo-
cated. Who will be chosen to live longer than
he would ordinarily be able to live ? The "Doc-
tor's Dilemma" of George Bernard Shaw--
"Whose life to save: the irresponsible profligate
genius of art or the steady, upstanding clerk ?'_--
has been taken out of fiction and been put on the
real stage of life. In Seattle, a machine was
developed that can save only 10 patients a year
from a fatal kidney disease. Which 10 ? This
is the problem that faced a citizen committee in
the Swedish Hospital in Seattle. It is a prob-
lem which will become widespread, because how-
ever far we develop our medical technology, we
will not have the resources or the abilities to
prolong life for everyone. Who shall live?
The rich? The powerful? The meek and
honest ? The strong ? The beautiful ? The
productive ? The white ? The black ? The
farmer._ The urbanite? The suburbanite?
Furthermore, we will have to make a choice
between devoting resources to keeping alive
those who are already alive and devoting re-
sources to the sustenance of those who are not
yet born. This choice hovers uneasily in our
minds as we contemplate the developing coun-
tries and note that the economy, despite in-
creased productivity, either remains at a stand-
still or retrogresses, simply because there are
more mouths to feed and more human beings to
shelter in the growing metropolitan areas.
We might well ask still another question
which we cannot answer: What will happen to
the behavior of people if they feel that they
have as a near certainty a great life span?
What are the ethics and morality of near-
immortality in a metropolitan society where the
clock of death is arrested ? We will have to
answer such questions before this century ends.
On a completely different level--the visual
form of human settlement--the greatest
changes that have taken place in the past cen-
tury, and that will take place, come from new
concepts of space and time.
Modern architecture would have been un-
thinkable except in an age of speed. The
Bauhaus School in Germany and the other 20th
century architectural innovators and their fol-
lowers and corrupters created an architecture
of blur: an architecture to be seen at a glance,
from a moving vehicle. Mass, size, the relation
of the building to its surroundings--these are
elements which can be grasped and understood
at a fast clip. Ornament and subtle relation-
ships require a pedestrian pace.
The first blur came with the fast railroad
train, and the tendency intensified with the
automobile and the airplane. (Of course we
still have pedestrians, but they are molded by
the age in which they live, and they do not see
with pedestrian eyes. Even when on foot, they
see with motorized eyes, eyes that glance quickly
and then glide on to the next object.)
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By the age of the airplane, even familiar
household items took on a form influenced by
aerodynamics. The toaster looks as though it
is ready to fly off across the continent; light
fixtures, chairs, box cameras, are all stream-
lined. They are fashioned into an aerodynamic
shape.
But what will be the esthetic implication of
the next great wave of technology ._ The space
vehicle which is not in air does not have to re-
sist air. It is not smoothed out, but is instead
engineered to fit its functions. It is chunky, or
bristling with spires, or irregular in shape. The
esthetics of the space vehicle is utterly different
from the objects of the aerodynamic era.
I suggest that we will see the new teclmology
reflected in our cities. I do not know whether
esthetics will take its clue from the new en-
gineered object, or react against it. The archi-
_.^ ^* .... Ltltlr
._u,v of _'-- may be intensified when in an
hour one can travel not from San Francisco to
a nearby community, but to outer space. Our
cities and the buildings within them may be-
come peripheral, disposable, collapsible at
whim.
On the other hand, the new vistas of space
and time--and the new engineered shapes--may
be so disturbing to us that we will develop
elaborate decoration for our urban buildings.
We may want to counteract the technology and
sharply separate one part of our lives from an-
other. We may try to recapture an earlier scale
of buildings and neighborhoods. We may at-
tempt to readorn our buildings, as the archi-
tects Yamasaki, Stone, and Rudolph are already
beginning to do. Hopefully our new designers
will make the metropolis much more exciting
visually.
Another matter of importance to our future
urban communities is the necessity to stretch
the limits of our knowledge about urban affairs.
Paradoxically we (1) know more than we do,
and (2) do more than we know. A story is told
about the farmer telling the agricultural agent
that he already knew how to farm better than
he was doing. He was stopped, of course, by
capital, by manpower, by his own skills and
energy, by apathy and custom. We know much
more of what to do in our cities than we are
doing. We have been talking about metro-
politan organizations, the necessity for plan-
ning facilities in relation to each other and to
population movements, the need for more com-
petent and better paid personnel, the need for
tax reform and new kinds of user charges. We
have been talking about these and other subjects
for half a century. We even know specific teclh-
niques, enabling legislation, and methods of or-
ganization that have worked well in one com-
munity and could be borrowed by another. But
we are stopped for the same reason that the
farmer was stopped--and also, of course, be-
cause there are certain political advantages to
maintaining the status quo.
On the other hand, what superior knowledge
we have is often trite and routine. The United
States was once scorned for using the basic re-
search and science of Britain and Europe and
then applying it. American technology---so it
seemed--was parasitic.
That charge is now absurd. Basic research is
the hallmark of science in this country. In fact,
what has happened is that the solving of simple,
day-to-day problems is frequently in disrepute.
Good students at our technological schools are
rarely interested today in mundane fields such
as civil engineering.
It is astonishing how little applied research
has been done in fields such as the fishing or
textile industries---once keys to our local urban
economies. It is the Russians and the Japa-
nese, recognizing that the computer was de-
veloped as a search device for submarines, who
are using it to search for fish. Similarly, for
the most part, it is not the Americans who
recognize that the future of textiles does not lie
in spinning and weaving but in solid state
physics. These and otl_r metropolitan prob-
lems such as housing, transportation, and pub-
lic services, as well as even larger problems such
as mortality, will, I hope, become the concern
of the new monasteries. Like the old monaster-
ies they must not neglect the ethical and esthetic
implications for metropolitan life of these de-
velopments..Nor can they ignore the power of
Caesar; for whether we like it or not, more and
more pressure will build up from mayors, busi-
nessmen, and citizen groups to siphon national
public moneys to action and research on the
problems of metropolitan areas, including the
possibilities of expanding technology.
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PANEL DISCUSSION
Or. Werner Z. Hirsch: Before trying to identify
some key changes that our rapid advances in
science and technology are likely to produce in
urban society, I would like to indicate what I
consider to be the environment within which
these changes will have to take place. The issue
can be stated as follows: What are some of the
major elements of the American style that will
impose limitations upon urban change ?
High on the list is the individualistic orienta-
tion of the American. It envelops the premise
that his economic fate is to be determined by his
own acts rather than by those of any political or
public bodies. One such aspect is that the
American conceives of himself first as individ-
ualistic producer and consumer, as economic
man, rather than as citizen or member of a
community.
A further element of the American style,
closely supplementing the first, is ownership of
land, home, car, and so forth, even if such
ownership is virtually imaginary. Most homes
and automobiles are heavily mortgaged to banks
which in fact are the major owners of these
items. Nevertheless, the feeling of ownership is
deep rooted and represents status. The joint
effect of these two elements is exhibited in the
strong preference for private means of trans-
portation and private housing, both of which
have shaped our present cities.
Great mobility fits into the American style.
For example, one-fifth of all Americans, on the
average, move every year and about every sec-
ond person moves at least once every 5 years.
Teehnolog7 and a rich endowment in resources
has made it possible for us to throw things away
easily and obtain new ones, whether they be bot-
tles, watches, furniture, or ears. These factors
may have conditioned us to a similar attitude
toward homes and neighborhoods. They have
resulted in less attachment to home and com-
munity, a reluctance to repair and build homes.
They have made sound planning most difficult.
I would like to examine a set of technological
advances that could greatly affect the metro-
politan area without doing violence to the
American style. Most circulation within metro-
politan areas takes place by private ear along
surfaced roads. As a result, the private ear,
which has taken over a horse-and-buggy-age
street system, has been the single most important
force to shape urban life and form in the United
States. It has led to urban sprawl and, at the
same time, to traffic congestion. It has polluted
our air and turned the city into a noisy mad-
house. It has eaten up much valuable real estate
so that today about one-third of the land in
metropolitan areas is occupied by streets, roads,
and highways. Although Americans have a
relatively exploitative attitude toward land, few
would deny that we have better uses for land
than for roads and highways. More important,
the acquisition of additional rights-of-way has
become so cumbersome, time consuming, and ex-
pensive that it often stalls urban progress.
There are basically two major alternatives
open. We can travel either on a "high road" or
on a "low road." We have all been exposed to
the "visionary promoters" of the monorail.
Somehow it has remained a vision, and there is
no indication that it could actually become a
tremendous land saver.
However, recent technological developments
raise distinct hopes with regard to underground
transportation. They come hand in hand with
the rapid increase of urban land prices. These
factors together can reach the stage where it be-
comes economically desirable to divert traffic
and parking to underground facilities, for in-
stance, tunnels and subsurface parking. The
technological developments have taken place in
a number of separate fields. On the one hand,
heavy efficient excavation equipment and im-
proved methods of tunneling are being per-
fected. Powerful and well-controlled sources
of energy have been developed to lift a man into
space. There is the possibility that these solid
propellants can be used efficiently to dig tunnels
at great speed. On the other hand, there is also
the possibility that an automobile which does
not produce exhaust fumes might become eco-
nomically feasible. This would greatly reduce
the extent of ventilation needed for subter-
ranean highways ,_nd garages, presently a sig-
nificant portion of their operating costs.
Let us look into the technological develop-
ments that might give us such an automobile
which neither emits exhaust fumes nor triggers
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noise. One of the first horseless carriages was
the electrically driven car. George A. Heft-
man of the RAND Corp., in an exciting study,
points to a number of automotive trends which
could mean that the pendulum is swinging back
to the electric car. (See ref. 1.) It is quite
possible that the battery-operated electric auto-
mobile might replace the internal-combustion-
engine automobile. Most of the batteries in usa
today are of the lead-acid type. They are the
least expensive on the basis of initial cost per
watt-hour delivered, but are also highly ineffi-
cient on the basis of weight. Silver-zinc bat-
teries, already in mass production and
extensively used in aerospace components, are
far more efficient than lead-acid batteries, but
are also more costly. The nickel-cadmium bat-
tery, already quite popular in cordless ap-
pliances, tools, and lanterns, occupies an
intermediate position between the 1cad-acid and
silver-zinc batterie_
But perhaps the most exciting innovation is
the hydr0gen-oxygen battery which is based on
a process that was first developed in 1839 by
Grove. It was long neglected until F. Bacon
used it to develop a fuel cell in 1954 and, since
then, industry, the Armed Forces, and NASA
have taken an interest in it. For example,
program to develop a lightweight, highly effi-
cient fuel cell is being undertaken under NASA
sponsorship for the Apollo spacecraft. The
hydrogen-oxygen battery not only promises to
be more efficient than an)- others available--it is
capable of an 85-percent efficiency compared to
the 10 to 50 percent of most other energy
sources but also appears to be of intermediate
cost. This battery is rechargcable thousands of
times and does not emit fumes, gases, or noise.
It is an exciting prospect for the future.
Hoffman's investigation shows that a compact
car which is similar to conventional models in
appearance, comfort, performance, top speed,
agility, capacity, and price, but powered by an
electric battery, appears to be feasible for urban
travel. (See ref. 1, p. 15.) Hydrogen-oxygen
battery-driven cars with regenerative braking
are projected to achieve ranges from 200 to 300
miles between battery refueling, not too unlike
the single-tankful range of gasoline-powered
cars. The estimated lifetime costs also appear
708-399 O----_13
to be comparable to and sometimes lower than
those of conventional cars.
There is therefore a distinct possibility that
the battery-operated electric automobile can
advantageously replace conventional cars for
individual urban and suburban travel. A num-
ber of forces can enhance its acceptance, and
among the most significant is the fact that gaso-
line and oil prices have been rising faster during
the past half century than the price of elec-
tricity.
If gasoline passenger cars were to be re-
placed by electric cars, and tunnel building be-
came more economical, subterranean travel in
major portions of metropolitan areas would be
possible. Not only would the air pollution and
noise problems of metropolitan areas be miti-
gated, and much land presently used for streets
tint] ra_fl_ La_rn,_ ,_,.;l.l_l_ _or _1_^ i....
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the overall density and layout of metropolitan
areas could undergo major reshaping. On the
one hand, by permitting only through traffic, we
could design a subterranean highway system
that would facilitate dispersion of urban activi-
ties. On the other hand--and this appears a
more reasonable approach--a very extensive
underground road network could justify locat-
ing many of the commercial activities of the
city below ground. People could then drive
into densely populated areas, park their cars,
and walk to work or to shop. Goods could be
distributed by piggyback, electricity-powered
means of transportation to the particular under-
ground locations. Population densities could
be greatly increased and major portions of the
existing surface highways and roads could be
used for parks, or commercial, industrial, or
residential purposes. On the surface, people
would move mainly along malls, relatively nar-
row streets, and moving sidewalks. The devel-
opment of subterranean urban travel, of course,
would have to be integrated with national de-
fense policies, and people's habits and willing-
ness to spend much time away from daylight
would have to be considered.
Much of the exploration of the battery-oper-
ated automobile and subterranean urban trans-
portation is highly speculative. On somewhat
more solid ground, there is another kind of con-
tribution that science and technology can make
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to urban life. I suggest that the rapid increase
in research and development is likely to encom-
pass forces that can lead to a blossoming of
culture in urban America. Research and de-
velopment oriented industries have increasingly
recognized that they can attract able personnel
only to communities that offer fine educational
and cultural facilities. For example, when
North American Aviation, Inc., was seeking
65,000 acres of land for new facilities, three site-
selection criteria were paramount:
(1) Availability of land in large quantities,
(2) Suitability of the terrain for the testing
of rockets,
(3) Proximity to higher education centers
and cultural and recreational activities
required to recruit and maintain a
stable group of scientists, engineers,
and high-skill-level technicians (ref.
2).
Thus, the cultural and recreational facility
aspect even dominated in the selection of a very
large land complex that was unlikely to be
found in the close proximity of a metropolitan
area. In short, then, it is generally recognized
that in order to attract R&D industries to their
environment, cities must provide increasingly
fine educational, recreational, and cultural fa-
cilities and programs. The engineer and scien-
tist, in turn, offer the cultural institutions an
appreciative clientele which not only financially
supports these activities but also often creatively
contributes to them. Hand in hand with this
goes the general increase in the number of peo-
ple who are educated and have an interest in
cultural life, and who contribute significantly
to the cultural life of a society. Even today, as
Chadbourne Gilpatric of the Humanities Divi-
sion of the Rockefeller Foundation recently
pointed out, "there are many indications of the
spread, variety, and increase of cultural and
artistic activity in this country." (See ref. 3,
p. 1.) The growth in the number of symphony
orchestras has been so phenomenal that Leigh
Gerdine, of the Music Department of Washing-
ton University, has jokingly remarked, "Were
we to project the growth of symphony orches-
tras in number on the basis of their growth in
the last decade and there were no limiting fac-
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tors, by 1984 the number of orchestras would
probably be equal to the population." (See ref.
4, p._.)
These two examples clearly do not permit
major generalizations. Nevertheless, they sug-
gest some possibly emerging trends. The rapid
advance of science and technology seems to offer
little hope that it will be overtaken by solid
cultural and political achievements. At the
same time it appears that science and technology
have improved the urhanite's flexibility and va-
riety of choice and will continue to do so, as the
result not only of improved means of communi-
cation and transportation, but also of new meth-
ods to generate power, to dispose of waste, to
supply water, and so forth.
It is also quite possible that large-scale r_-
search and development will offer an increasing-
ly greater variety of new products that, in turn,
will upgrade the aspirations of consumers.
Thus, consumption will press hard upon income,
with relatively little remaining for taxes and
the provision of government services. Hand in
hand with this tendency, it appears that there
is little in the expanding technology--except for
certain communication advances--that is likely
to contribute to the solution of such major ur-
ban problems as education, juvenile delinquency,
and crime, Actually, given the present degree
of attention and expenditure, it is more prob-
able that these problems will increase and
worsen with expanding technology. (I owe
this point to Dr. Norman Townshend-Zellner,
who brought it out in a discussion.)
The number of scientists and engineers
promises to continue to increase rapidly for
many years to come. Since they are a highly
mobile group of society, mobility within Amer-
ica will remain high and possibly also increase.
Large-scale R&D operations--as recently
brought about by the National Aeronautics and
Space Administration in a crescent extending
from Cape Canaveral, Fla., to Michoud, La., to
Houston, Tex., to Los Angeles, Calif.--can lead
to exceptionally rapid increase in city sizes and
revolutionary changes in their character.
M. J. Moroney not long ago insisted that,
"Economic forecasting, like weather forecasting
in England, is only valid for the next 6 hours
or so. Beyond that it is sheer guesswork." (See
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ref. 5, p. 324.) He is probably right, and it may
be rather foolhardy even to attempt to look
into the crystal ball. However, let me suggest
that perhaps the most significant implication of
the rapid expansion of technology on metro-
politan areas is its help in solving some existing
problems. However, while unsnarling some
that bedevil us now, it will also offer new op-
portunities so much more exciting and reward-
ing that we will gladly live with the problems
of tomorrow that technology will also undoubt-
edly provoke.
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Dr. Carl F. S_over: I suppose that one of the
things that this conference is helping to make
clear--as a lot of other conferences have helped
make clear in recent years---is that most of us
have been wrong in our thinking about tech-
nology most of the time. It seems to me that
Mr. Meyerson's paper has offered several im-
portant guides to our thinking that we would
do well to remember.
For example, he has pointed out that tech-
nology relates to all of life, and what we do
with it can change fundamentally the quality
of our human existence. Therefore, he points
out--and I agree--that it is well, first, to begin
thinking about technology by thinking about
man and, second, to make sure that we know
what we are doing with that technology before
we set out to do it. He reminds us somewhat
obliquely of the dangers that are inherent in
having the power of technology belonging too
much to the technologist, and of the problems
of having too much authority over the shape
of our common life in the province of too few
men. Finally, he identifies the moral issue that
is inherent in all of man's uses of technology.
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The vital question, it seems to me, is not what
can be done--because given enough time and the
application of enough resources, we can now
probably do almost anything--but what is
really worth doing.
We probably should have learned long ago
from our experience that technology, as well
as being helpful in doing something about the
problems of urban areas, is also a cause of urban
problems. One can argue convincingly, as
Lewis Mumford does, that technology has given
us our cities and our metropolitan areas. They
have developed out of technical necessity. They
have developed according to standards and pat-
terns of technical origin. They have been en-
abled and disabled by technical possibilities.
Without a fairly high level of technical ca-
pacity now, it would be impossible for these
organic a_re_ration._ nf mt_n anc] thln_r_ ta exit
and to continue to function in their present or-
ganized complexities. Since technology in gen-
eral has given us our cities, it has also in gen-
eral given us their problems. If cities and
metropolitan areas are ugly, and sluggish, and
awkward, and unhealthy, and inhospitable, and
without character--if they teach bad lessons and
prepare citizens poorly--if they fail to foster
the good life for man individually or in a com-
munity-much of the fault may rightly be
found, I think, in the technical ideas and prac-
tices that brought them into being.
If cities and metropolitan areas are going to
be made better, these ideas and practices need to
be reexamined at a fairly fundamental level, in
the light of some reasonable judgments of what
cities ought to be.
We do not understand technology very well.
The classical tradition offers us a view of it that
I think might be helpful. Properly understood
in the classical tradition, technology is said to
be the art of producing predictable changes in
men and things in order to create instrumentali-
ties for the good life. This is its promise. In
the absence of ideas about the good life to gov-
ern it, it seems to me technology becomes ab-
normative. It becomes an end in itself that
can well consume all other ends. This, I think,
is the failure of technology and the failure of
men in using it.
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We also look at our history and see that tech-
nology is useful as a cure for urban problems.
For some time, the most common response to
urban problems has been a call for better tech-
nology, both physical and social. The idea
is to make technology fulfill its promise by
using it to solve the problems it has helped
create. That this is ultimately possible is an
article of our national faith. It is almost totally
unblemished by the fact that the problems that
technology creates seem always a jump ahead
of the technological correctives. This article
of faith provides a substantiM part of the foun-
dation for this conference. It is legitimate to
ask whether this faith is justified. I think that
it will be justified only if we acted properly
in relation to technology.
There is no doubt that many of our urban
problems require technical solutions. We must
use technology to unpollute the air it has helped
to pollute; to uncongest the traffic that it has
helped to congest; to unsnarl the administrative
complexities that it has helped to create. But,
in setting about these and other important
tasks, I think it is very important to exercise
due caution. For while we might, in terms of
a particular perception at a particular time,
think that a step that we want to take is a good
thing--to do something about any one of this
vast range of urban problems through tech-
nology-we ought also to remember that every
technologically based urban problem that we
now have started out as a good thing.
The point is that the city has to be seen as an
organic whole. In the life of the city, as in the
life of man and nature, it is impossible to
change just one thing. This is a fundamental
lesson of the record of urban growth and of
every effort we have made to improve our cities
and metropolitan areas. With the increasing
power that modern scientific technology pro-
vides, I think it is ever more important that
we know what we are changing before we start
to change it. If we really want to do that,
there are some things we have to do. We have
to be prepared to get solid information about
our situation and about the implications of the
change that we want to introduce before we
act. Having the information, we must be will-
ing to act on it and not ignore it in terms of
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some passionate political or personal predilec-
tion. This area of municipal research is, I
think, an area where there is a great deal of very
shabby action on both the part of the researchers
and the policymakers.
Probably the most important thing that the
space effort has to teach us is how to go about
a big job, involving science and technology in
achieving a social purpose. It gives us the clear
lesson that we need to know what our goals are
and what kinds of problems we are going to
have to face in achieving those goals. It tells
us that these goals and problems must be oper-
ationally defined in terms of the total environ-
ment in which we are working. It provides us
a model for drawing on available knowledge
and technical capacity, and for going about
systematically developing the necessary addi-
tional knowledge and technical capacity. It is
a good prototype, in other Words, for an or-
derly, tough-minded attack on a problem and
its resolution through the use of man's knowl-
edge and his technical skill.
If we are serious about the urban job, I think
we do need to do this same thing. Fall-out,
spill-over, or transfer will take place in tl_is
way, but it seems to me that you have to start
with the problem that needs a solution--not
with a technology that needs a use. We would
never, I believe, have thought it sensible to try
to get to the moon with spin-off from the regular
operation of American industry--even though
some of the knowledge and some of the tech-
nical skills that have been developed in Ameri-
can industry for other purposes have been help-
ful in getting the space job done. If we had
_pproached the space job with the goodness of
heart, the weakness of mind, and the confusion
of purpose that characterize most of our efforts
to improve urban areas, we would never have
gotten off the launching pad.
At the outset, we must decide what cities
ought to be. We have to discover how a city
can be a good home, fostering good men. This
is another reason for caution in approaching the
problems of the urban area strictly from the
standpoint of technology--for while the city is
an engineering system, it is also _ human sys-
tem. In attempting to apply technology to the
human system, some of technology's greatest
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virtues may actually turn out to be its greatest
liabilities. The values inherent in technology
may not always be the value we want for man--
efficiency, order, and rationality as technology
projects it. Would a city perfectly ordered by
technology be a good home for man ?
We ought to recognize, especially when we are
thinking about public purposes, that technology
in a form of power. As in every case where
power is involved in human affairs, the question
is how we are going to make it responsible.
How can we insure that it serves the common
good ? If technology is going to serve the com-
mon good, we need to discover what the com-
mon good is and exercise the judgment and the
will to guide technology to those ends. This
means a willingness greater than any we have
so far demonstrated to guide technology. It
is not just a matter of running technology
through--it is also a matter of sometimes slow-
ing it, of other times hastening it, sometimes
tailoring it and redirecting it--this to avoid
creating problems that we are not ready to
handle.
By tradition, the pursuit of the common good
is the purpose of politics. Thus, if technology
is to serve the common good, there must be a
political judgment. Here, I think, all of us
are inclined to balk, because when we look at
politics, we see a bad image. We are reminded
of deals, of inefficiency, of wastefulness, and of
disorder. One answer to this has been to trans-
form politics into administration. I do not
think that this is ultimately the correct answer
for a society as dedicated as we are to the im-
portance of the citizen's role in determining not
only the directions of his government but also
the processes through which his government
operates. Thus, a very important consideration
which comes about as a result of thinking about
technology and Its impact on the metropolitan
area and upon our national life is how we can
somehow restore politics to its proper role as a
process whereby the total community can par-
ticipate in making judgments about the future
shape of the common life.
Gem William H. Draper. Jr.: Dr. Hirsch in his
first description of the modern metropolis, or
urban center, made it a very unattractive place
to live, with all the gasoline fumes and the
shambles that modern crowding together of peo-
ple has brought about. But the fact is that
more and more people must like it that way, be-
cause they keep coming in from the farms. The
statistics show that at the turn of the century
when the automobile age started, a little more
than 20 million people lived in cities and some-
thing over 50 million lived on the farms. In
other words, about one out of three lived in the
city. Now, there are about 120 million in the
cities and about 60 million still outside the city.
So the figures are reversed ; now two out of three
in a very much larger population are in the
urban centers. Projections on those lines for as
short a period as from now to 1980 indicate that
four out of five will be city dwellers; a little fur-
ther along, it obviously will be five out of six,
and eventually the farmer will probably dis-
appear entirely. Therefore: we are not dealing
with the problems of technology with respect to
the urban centers; we are really dealing--if you
look ahead a little way--with technology with
respect to the U.S. citizen.
I was a member of the Municipal Manpower
Commission, and for about 2 years we tried to
study these problems of metropolitan centers.
We had a series of circles for about 10 cities in
the country, the smallest ones showing the cen-
ter that was gradually disintegrating and erod-
ing, with the department stores losing their
business, and so on. The next ring showed
where the tremendous outsurge of population
from within and from outside happened in the
last 10 years. Then we had a third ring that
was a projection of what it would be in the next
10 years. It really made one wonder how the
problems of technology, or growth, or building,
or roads, or transportation, or supplying elec-
tricity, or anything else were going to be solved.
However, when you compare the city of today
with that of 10, 20, or 30 years ago and note that
there are still all of these problems, such as slum
areas, overcrowding, and large areas taken up
with roads, the outstanding fact, nevertheless, is
that the conditions of living for the average in-
dividual, and even of those of the poorer class,
are much better than they were 10 or 20 years
ago.
John J. Gunther: If we can define the metro-
politan problems, the new modern technology
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available, today might permit us some solutions.
I do not believe that governmental structure
in the local government is a great problem.
There are many books written about it, and
everyone deplores it all the time. However, in
the metropolitan areas in which I have worked,
I have seldom observed that it is structure of
government that blocks something that really
has to be done. The structure of government
may not urge along very fast; it does not pull
very hard. But once you come up with a prob-
lem, such as a water pollution control problem,
the legislation follows.
I also do not believe that there is a govern-
mental structure problem in mass transporta-
tion. Many mayors, county commissioners, and
governors went to Seattle to look at the mono-
rail. I think they all went home wondering
what the real difference between it and the Sec-
ond Avenue or Third Avenue "El" was. An-
other example is the polio vaccine breakthrough.
As soon as it became fairly evident that the
Salk vaccine was effective, representatives of
local governments, State governments, and the
Federal Government met--and it was just a
matter of weeks before they knew what they
were going to do with it. Occasionally, the
biological scientists would hold up action be-
cause they were not quite sure the governmental
groups should move as fast as they were mov-
ing. Again, I do not think that the real problem
is the governmental structure.
We do have a problem in education for the
accept'once of new technology. For example,
we were hoping to make some progress in local
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government in getting industries interested in
using atomic energy for heat. Now everyone
is worrying about "thrust" even though some
of the research in atomic energy is going on
at a very rapid pace. One day we are working
very hard to get people to understand peaceful
uses of atomic energy and how it can be used
in local communities--so that if you want to
put a reactor up the river from Detroit, the
people won't be afraid that something is going
to come down the river and hurt them--then,
all of a sudden, we have developed a whole new
area of activity in the space field that junior
high school children will have to take home so
that they and their parents can understand
space. We need to have the scientists meet with
the children in the grade schools and the high
schools, so that they can take some of these mes-
sages home to their parents. I think in this
way we will get better understanding so that
the politicians can move ahead.
I think that the political climate in the coun-
try and the political machinery is in much bet-
ter shape than it was 50 years ago. Many more
people are participating in the electoral process.
Many more people are understanding municipal
management. M.any people are involved in
their school boards. We have 'better qualified
people running for offices. If sufficient effort is
made through educational systems in getting
the children and the families to understand
technology, our politicians will come up to the
task of using this technology in the metro-
politan areas.
GENERAL
[:)t. Eugene C. L¢¢: It strikes me that two of
the panelists are in direct contradiction with
each other. Dr. Hirsch said, if I understood
him correctly, that problems of education,
crime, and delinquency--and central problems
concerning the health of our democracy and
certainly of our urban areas--are likely to
worsen in the years ahead. My interpretation
of his remarks was that he felt that expanding
technology was going to require so much of the
intellectual resources that there wouldn't be
anybody left to worry about educational prob-
DISCUSSION
lems. I would like Dr. Hirsch to expand his
remarks on this point.
On the other hand, Mr. Gunther paints what
I think is an overly rosy picture in direct con-
tradiction to the assertion that education, crime,
delinquency, and a lot of other problems are
worsening. According to Mr. Gunther, we have
nothing to worry about.
[:)t. Hitch: It seems to me that technology,
except for communication, cannot really help
in the fields of education, juvenile delinquency,
crime, and so forth. I am optimistic on some
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of the hardware. I feel we will make great
strides there. Therefore, our failures will loom
larger. It relates to the point that Sir. Meyer-
son made that we can't get anybody interested
in the field of conventional engineering--civil
engineering, for example; it is not exciting.
They are interested in space engineering; yet,
big problems remain to be solved in conven-
tional engineering.
Mr. Gunther: To clarify my point of view, I
say that our local governmental structures are
not blocks to using technology in solving our
problems in the metropolitan areas. If you can
answer the question of how we are going to get
bet_cer civil engineers, more people to go into
education, or more and better sociologists and
social workers to work on juvenile delinquency,
I think that our political structure in the local
community can use th_r,e people and can use the
technical advances. I say that we do have very
real problems, very serious problems--but I do
not know of a community, a metropolitan com-
munity, that has been unable to move ahead be-
cause of its governmental structure. I do not
know of a technological breakthrough in water
pollution, for example, that has not been used
because of some local governmental structure.
Richard Carpenter: In recent months many
commentators in California have talked about
the rather horrible conditions that we have with
air pollution, the urban sprawl, the traffic
strangulation, and the other things that are
despoiling our countryside. Yet they continue
to make prognostications of a population of 50
million people. As previously noted, it appeat:s
they are going to continue to come here--these
"horrible conditions" notwithstanding.
I believe that the one thing we must do in
California is to have a true agricultural zoning.
We must preserve our agricultural lands
through zoning laws as tough as in our cities.
The problem is probably much the same in other
states. We can't get owners of farm property
very interested in the problem. They want to
have the agricultural protection with low
assessed valuations but be able to develop the
land if the price is right.
Sim Van Der Ryn: Dr. Stover and Mr. Meyer-
son, how do you feel we can better utilize, on a
community level, the kind of Utopian models
that, for example, Dr. Hirsch displayed in the
transportation field ? How can we utilize these
to decide, on the community level, what our
cities ought to be or can be--or, can we in fact
do this ?
Mr. Meye_on: I am not sure what Utopian
models you mean. I think I can speak for Dr.
Hirsch as well as myself we have not been
talking about Utopia. When man tried to be
extraordinarily original and think up an ani-
mal utterly different from all other animals,
he dreamed up the unicorn--a horse with a horn
on its head. By and large, the great advances
in far thinking, whether in technology or in the
social realm, have been not much different from
the reality that we have today than the unicorn
is from the horse. The tremendous challenge,
I think_ is to go beyond the unicorn. Here,
there have been terrible blinkers on all of us.
The scientist or the technologist is a great con-
servative. Conservatism extends through our
disciplines and our professions, and I am sorry.
Dr. Stover: It seems to me that the only thing
to do is to make sure people talk about the op-
portunities and realize that, whether Utopia or
not, there are real choices. It seems to me that
the other thing to do is to try to encourage more
people, through political mechanisms, to display
some of the kind of courage that has been talked
about by Mr. Meyerson--to come forward and
say what the problems and the facts of the situ-
ation really are.
I want to give Sir. Gunther an example of a
problem that is very difficult to solve, not only
because of structures of government---which, as
he says, may well be adequate to do the job--
but also because of the patterns of political
practice which affect what those structures do.
This problem is smog in California, which
many people in California recognized as a
problem and realized that something could be
done about it long before we were able to get
any political mechanisms in the state moving
to do something substantial about it--and all
that time, the problem got worse. This affords
an example of another point that I tried to make
earlier. In the smog story, there were some of
the greatest examples of bastardization of the
research process to serve a private purpose that
we have ever had in the history of research in
the United States.
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Sherman J. Maisel: Dr. Hirsch made the point
that to attract R&D expenditures and aerospace
activity to an area, you have to have certain
necessary conditions. It seems to me that the
number of variables is far more complex than
simply having a university and a good climate
or things of that sort.
Dr. Hirsch: I think, just as a footnote, that
timing is probably important. For example,
today every community is making the play for
better education, better symphonies_ and better
museums. Cultural centers are the vogue to-
day. And yet_ if a community had done that
3 or 5 years ago--and led the way--then that
community really would have a tremendous ad-
vantage over any other community in attracting
scientists. It is very hard to get a person who
writes on the stock market to say something dif-
ferent from anyone else in the business--they
all have the same source. I believe the same
holds in the creation of a new environment--
and the end result could be the same.
Mr. Meyerson: In most R&D investment, you
don't have the deterrent you would otherwise
have--namely_ a time-distance from market.
It is very frequently cost plus. This means
you are footloose, and when you are footloose_
you can play up to the preferences of whatever
group is in shorter supply--in recent years, the
scientists. Their preferences come to the fore.
Mr. Gunther: Usually_ when city representa-
tives prepare presentations inviting industries
to come into their area--for exampl% a textile
industry into New England--they say that the
wages are low in their area_ that there are no
members of a union within 50 miles, and that
their educational system doesn't cost much to
operate. However_ if a city is trying to get
an IBM headquarters employing many scien-
tists-as Stamford, Connecticut, did--the rep-
resentatives tell of the advantages of getting
to New York and seeing the plays and the mu-
seums, of how nice living is in Stamford, and
of how good the educational system is.
Mr. Carpenter: Dr. Stover commented that the
scientists knew many years in advance that
California had an air pollution problem but it
took a long time for the politicians to put the
machinery together to tackle the problem.
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This is really a criticism of the scientists. They
are the ones who, in my opinion, should be
more articulate and should make their problems
known more quickly. I know that the first
time this matter came to the attention of the
California Legislature, it was already a prob-
lem of a critical nature. The legislature acted
almost immediately. Now it may not have been
perfect machinery_ and it still isn't perfect ma-
chinery; but the politicians did act when the
scientists told them there was a problem.
Dr. Stover: I didn't mean to say this was a
bifurcated universe in which the scientists
knew, and the politicians didn't act. I said
there were people who knew; some of the peo-
ple were politicians who didn't act and some
were scientists--and there were people in both
camps who denied the problem! It seems to
me that even though the legislature did act in
1947, their actions were limited and what en-
sued from them was certainly limited. One of
the problems of our political process is that you
can snarl it up so easily--especially if you have
a stake in preventing something from happen-
ing. There were a lot of people who thought
they had a stake in preventing something from
being done about the smog problem.
Gen. Draper: I had something to do with the
bonds on the Bay Bridge a good many years
ago_ then was called back 15 years ago in con-
nection with certain improvements that were
needed. At that times a whole transportation
system was being considered. There are about
87 different governments around the Bay Area
and there is a plan under consideration. Mr.
McCaffrey, if there had been a metropolitan
government for the Bay Area--which I gather
Mr. Gunther doesn't particularly champion--
wouldn't the transportation problem of the Bay
Area have been solved 10 or 15 years ago ?
Stanley E. McCaffrey: It is impossible for me
to answer that. There has been a great deal
of thought given_ over a number of years, to
this specific question of transportation but it
has been intensive only in about the last 5 years.
In that time, especially during the past year,
there has been excellent cooperation in ap-
proaching a solution through the constituted
governments--that is_ through city, county_ and
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district, including rapid transit, and what is
known as AC transit, as well as other bodies in
the Bay Area. Maybe the job could have been
done more simply in another way, but the fact
is that the area wasn't ready and has not ap-
proved the formation of a district in that way.
Specifically, that came up with the proposal of
the Golden Gate Authority which, while not a
metropolitan government, was a form of metro-
politan government dealing with transporta-
tion matters. The simple fact is that a plan
was proposed 3 or 4 years ago and was not ap-
proved by the legislature. Presumably, it
didn't have sufficient backing from the people
to approve it. Thus, in our democratic society,
it was decided that it was not the best thing
for the people.
Mr. Corpenter: I think that there is one other
side to this too. If there had been a metro-
politan government in the Bay Area 20 years
ago, the problem would have remained the
same--chiefly, one of financing. I think that
some of the problems that people feel can be
solved by the metropolitan government cannot
necessarily be solved by that means. Los
Angeles is a rather large city of some 450 square
miles. To handle land use plans, the city was
placed under a single jurisdiction, with policing
powers coequal to that of the State. Look
what has happened within that area in the last
20 years. The fact that they had a single local
agency of government did not make a differ-
ence, and I don't think it would have made a
difference here.
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HOW DO THE CHANGING DEMANDS
FOR MANPOWER AND TECHNICAL PRODUCTION
AFFECT THE ECONOMY OF INDUSTRY
AND THE COMMUNITY?
Bernard D. Haber
A great deal has been written in the last few
years about the technological explosion, but we
are still on its fringes. What its impact will be,
one can only roughly estimate--and then only
by making broad assumptions as to the interna-
tional situation and as to the domestic political
and economic structure.
_Ve are all familiar with the more glowing
accounts of the future--a country where leisure
is a major occupation and the production of all
needs and most hxuries is automatically as-
sured. We may also be aware of less glowing,
less optimistic visions--of our accelerating
drain on irreplaceable raw materials, of the
growing strain on our educational facilities.
Rather than pursue this further, I prefer to
recommend an excellent, penetrating book, The
Next 100 Years, by Harrison Brown and othe_.
Let us see what can fairly certainly be said
about present trends. Because of my own
orientation I would like to concentrate on the
effects of aerospace technology, which in itself is
a most comprehensive subject.
"Dutch" Kindelberger, the late Chairman of
the Board for North American, used to recall
helping Donald Douglas pack his belongings
when he moved to California in 1920 to found
the Douglas Aircraft Co. All of Douglas' tech-
nical data--his stock in trade as an aeronauti-
cal engineer--were packed in a single milk
carton. Even at that time, the aviation indus-
try was considered to be in the forefront of
engineering technology. But it was not a large
factor in the national economy, nor even in the
economy of most communities in which it ex-
isted. The employees were composed chiefly of
production workers, who were subject to a fairly
rapid turnover because of the movement of con-
tracts from one locality to another. Indeed,
there was considerable movement of the com-
panies themselves from one state to another.
Consequently little sense of mutual dependence
existed between the industry and the local
communities.
However, following World War II, and par-
ticularly since the early 1950's, mounting tech-
nological requirements in the aerospace field
have broadened the base of activities of most
companies in the industry. Where they were
formerly engaged in airframe manufacture,
they are now also in missile technology, space
exploration, nuclear energy, and other advanced
fields. They are no longer called aircraft manu-
facturers, but aerospace manufacturers, and
even this is an inadequate attempt to compass
their diverse activities. The projects they are
engaged in generally involve limited produc-
tion; on the other hand, they require consider-
able scientific research, highly specialized equip-
ment, and virtually custom manufacture.
As a result, the position of the industry--both
in the national economy and in various local
economies--has undergone a thorough transfor-
mation. For the Nation as a whole, defense and
space work generally varies from 8 to 10 percent
of the gross national product. In many com-
munities the aerospace industry is a leading
source of employment, personal income, and
business for local suppliers. In San Diego
County, for example, the industry provides 25
percent of all employment. The opening of new
plants throughout the country has repeated this
same situation in other localities.
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Perhaps more significant is the upgrading of
personnel to include a large percentage of tech-
nical and professional people. They represent
a wide range of talents in areas once considered
far afield from aircraft and missile work--areas
such as biology, physiology, astronomy, botany,
and mineralogy. Many of these people enrich
the educational programs in their localities by
part-time teaching, and in other ways stimulate
the community to higher cultural and intellec-
tual attainment.
Having established this general scope of dis-
cussion, I would like to trace each of these main
points in more detail. Although examples will
be taken largely from the experience of North
American Aviation, they are indicative of the
industry as a whole, and will serve well in illus-
trating the changes that are occurring generally.
Beginning with World War II, the whole
pace of technical progress has been accelerated.
For example, figure 1 shows the increase in top
speed of manned vehicles over the past 60 years.
The curve steepens with the advent of jet pro-
pulsion in the 1940's, and still more sharply
with the use of rocket engines for space flights
in the past few years. Within the decade, the
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Apollo spacecraft will be sent toward the moon
at a velocity of more than 25,000 miles per hour.
The question has become not only how fast,
but how precise, a speed can be obtained. In the
Apollo lunar flight, a variation of 1 foot per
second in the injected velocity from earth orbit
would c_use the intended lunar orbit to be
missed by 1,000 miles, unless a correction could
be made in flight.
The story is the same in any other measure of
performance. During World War II, some-
body pointed out that the wing span of the B-29
bomber was greater than the entire distance
flown by Orville Wright in his first airplane
flight in 1903. As shown in figure 2, the range
of our vehicles has, in fact, increased from this
puddle jump to distances that are literally out
of this world.
'Achieving such performance requires an en-
tirely new level of technical prowess. One ex-
ample is the new demand for precision. Some
bearings fit so closely in their housing that they
would be stopped by a single puff of cigarette
smoke. We have developed means of measur-
ing surface flaws to a depth equaling the
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F_UR_ 2.--Range of manned aerospace vehicles (nonstop, without refueling).
Because of the intensified performance de-
mands made upon defense and space systems_ a
premium has necesmxily been placed on relia-
bility. The f_ilure of a single part can cause
the failure of an entire mission. Therefore,
extraordinary effort has been devoted to improv-
ing reliability, refining it from a qualitative
value to a quantitative measurement. One of
these measures is the mean time between failures
(MTBF). Figure 3 indicates that for an auto-
mobile driven continuously at 50 miles per hour
for 1,000 hours, the average mean time between
failures is 90 hours. For a modern fighter air-
plane now in operation, the comparable time is
150 hours. In contrast to these, the Apollo
command and service modules are being devel-
oped to a reliab41ity measured in terms of 9,700
hours between failure_
This order of reliability is achieved not
simply through inspection, but by extraordi-
nary quality-assurance efforts throughout the
entire development and manufacturing proces_
Quality-control personnel work with the manu-
facturing personnel to assure that standards are
nmt at each step of the way.
mIINIl_iliT N _IOP_I,,,
FZ6U_E 3.--Reliability function
(MTBF) for manned vehicle_
In manufacturing the circuitry in various
inertial navigation equipment, for example, the
connections are soldered by operators who must
undergo a 40-hour course to be certified for the
work and then must be recertified every 6
months. If an operator produces three defec-
tive solders within a 6-month period, he is de-
certified, put through a refresher course, given
a test, and then put on a 30-day trial period
before recertification. In the Minuteman guid-
ance system, many components are tested and
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retested so many times that it costs more to
inspect them tha_ to build them.
These performance requirements and operat-
ing techniques constitute a major revolution in
the aerospace industry. Although hardware
is still the end result of practically all our pro-
grams, the engineering content has greatly in-
creased. Since many programs require a con-
siderable advance in technology, it is no longer
possible to foresee with accuracy the exact end
cost of a product. Instead, a very extensive
effort must be devoted to the estimation of costs
and to improving the accuracy of these esti-
mates. As a result, use of the fixed-price con-
tract that is appropriate for production in
quantity declined during the 1950's. Approxi-
mately two-thirds of North America's sales, for
example, are under contracts of the cost type----
that is, cost plus a fixed fee, or cost plus an in-
centive fee. These contracts provide a fee that
is generally smaller than the profit that is pos-
sible for an efficient company under fixed price
contracts.
It is at this point that "the changing demands
for manpower and technical production" begin
to affect the economy of industry. One of the
accompaniments of the missile and spac_ age
has been a general reduction in the profit margin
of the aerospace companies, which was already
low in comparison with the U.S. manufacturing
averages. Even in the short 6-year period after
1956, as shown in figure 4, this trend was pro-
nounced. Average net profit after taxes, as a
percentage of sales, dipped from 3.2 in 1956 to
1.8 in 1961, the latest year for which complete
figures are available. This is a decline of nearly
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FIOURE 4.--Net average profit of 51 leasing aerospace
companies as a percentage of sales (generally prior
to renegotiation).
SCIENCE_ AN:D URBAN LIFE
must be reversed if we are to preserve a whole-
some and viable industry.
At the same time, demands upon company
finances have been increased by requirements
for new facilities to keep up with growing tech-
nological needs. Some idea of the growth of
research and development facilities at North
American is given by the following figures.
1957 1963
Floor area, sq ft .................. 82, 000 1, 629, 931
No. of laboratory rooms ........... 30 1, 122
Facilities include wind tunnels (subsonic in 1947































The current list, too long to give in full, in-
cludes test facilities such as engine firing stands
and vacuum chambers, and a science center for
basic research.
Providing facilities for these changing re-
quirements demands increasing capital expendi-
tures. Figure 5 shows that this cost, so far as
North American is concerned, mounted from
less than $6 million in 1953 to an estimated $43
millibn in 1963. In fact, during the 4 years from
1959 to 1962, the company's capital expenditures
were greater than in all its prior years. These
heavy commitments naturally add to the cost
of doing business and have a decided effect on
the company's financial structure. But they
are essential in maintaining the company's abil-
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l_(;u_ 5.--Gross expenditures for plant, property, and
equipment by North American Aviation, Inc.
On the other hand, the explosive character of
the postwar technological advances has resulted
in a much greater variety of aerospace prod-
ucts. Many companies that were known as
airplane manufacturers have necessarily en-
tered the fields of missilery, spacecraft, atomic
enargy_ electronics, propulsion, and even marine
vehicles. For some of them, including North
American, aircraft now constitute less than half
of company sales.
In addition, most firms have developed
capabilities both as prime contractors and as
subcontractors---that is, as developers and pro-
ducers of entire systems, such as spacecraft, on
the one hand, and subsystems or components on
the other. This gives them a stake in a much
larger variety of programs, including both de-
fense and space programs. (North American,
for example, currently has 127 contracts, each
with a value of at least $1 million.) Conse-
quently, those companies that have diversified
extensively have gained more stability in sales
and employment.
In short, the changing demands for technical
production have had important economic ef-
fects-both good and bad--upon the aerospace
industry. At the same time these changes have
had a measurable and generally beneficial ef-
fect on the economy of the Nation and of com-
munities in which the companies operate. Be-
cause of the cold war and the race for space,
the industry has become .a much larger factor in
the national economy. Figure 6 shows the dra-
matic rise in annual sales by the aerospace in-
dustry, from $26.5 million in 1933 to $16 billion
at the height of the war, followed by another
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FIGURE 6.--Sales of aerospace industry (princiIml end-
product manufactures only). Data for 1944 and
prior years are approximate.
It is important to note that such figures rep-
resent the output, not of a few, but of many
thousands of companies. A large part of the
work of any prime contractor is subcontracted
to other companies which, in turn, call upon the
_^:_1.'--- _1 1 "11
8KIllSsp_m.L_u of other suppliers, in most
large programs there is a succession of these
supplier levels that is directly traceable to the
third and fourth tiers, and even farther. For
some of North American's larger programs for
instance, estimates of the total number of com-
panies involved have ranged from 10,000 to
20,000. Many of these are new companies
formed to enter fields where there was room
for more competition. The significance is that,
contrary to some opinions, the age of individual
initiative is not dead. The :nan with a new
idea can still start a successful business. The
community is benefited by this addition to its
income, and the economy is refreshed by this
injection of new energy.
It should be acknowledged that undue de-
pendence on the defense and space industry can
make a community vulnerable to dislocations
resulting from contract cancellations. In addi_
tion, when a new plant is established, a severe
impact on community services frequently results
from the influx of a relatively large number of
people to the community. This situation may
be further aggravated by the fact that, as the
laws of taxation apply in many states, the state
and local taxes paid by a government contrac-
tor will be less than the taxes paid by a company
which is not primarily a government supplier.
However, I know of no community which would
reject aerospace business on these grounds.
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The fact is that the establishment of a new aero-
space plant has a very salutary effect on a com-
munity, and in many instances has virtually
revolutionized the local economy. One note-
worthy example lies in San Mateo and Santa
Clara Counties of California. Chiefly because
of the location of aerospace plants there since
the war, the San Francisco peninsula has de-
veloped rapidly ; home construction has boomed
and whole new shopping centers have appeared.
Where there were once separate communities,
there is now a continuous suburban area down
the length of the peninsula. The population
of Santa Clara County alone is now greater than
that of San Francisco.
Let me give a more specific example from my
own company's experience. In 1956 we opened
a rocket engine plant in Neosho, Mo., which
has a population of 7,450. Our employment
there has ranged between 1,000 and 1,300 per-
sons, representing approximately one-half the
manufacturing employmen t in the county.
For the last fiscal year, our Neosho payroll was
$8.7 million, and our purchases from suppliers
totaled more than $5 million. Our location
caused a building boom in the supply of new
homes for employees, which, in turn, greatly
improved the assessed valuation of the city and
county. Because of the demand for technical
education, nearby colleges shifted their empha-
sis from agricultural courses to a broad range
of subjects. Many night courses were estab-
lished and are well attended.
Neosho is but one example of a community
changed by aerospace activity. There, as else-
where, the company takes its place as a respon-
sible citizen of the community, contributing to
charitable causes and encouraging its employees
to do so through payroll deductions. The com-
pany establishes its own employee recreation
facilities, and encourages the establishment of
employee hobby and sports clubs. In these
and other ways it adds to the cultural and social
life, as well as to the economic prosperity, of the
community.
In cooperation with government policy, the
aerospace industry has also been able to assist
the economy in areas requiring special stimu-
lation. Particular attention has been devoted
to directing procurement toward small busi-
ness in order to encourage this vital element in
our competitive society. Considerable effort is
being made to find or develop suppliers in areas
of economic need. Many of the companies feel
that because of the large amounts of public
funds used in their business, they have a public
responsibility to help bolster soft spots in the
national economy, if this can be done without
compromising technical merit. This may be
carried to the point of _stablishing a branch
plant in such an area. North America, for ex-
ample, was unable to find suppliers with suitable
skills in West Virginia, so we established our
own plant there and have provided employment
to several hundred people.
Still further, I think it is fair to say that the
aerospace industry has been in the forefront of
the movement to provide equal employment op-
portunities to all Americans, regardless of race
or creed. My own company has, for instance,
several thousand Negroes employed at various
levels of responsibility. More than 600 have
salaried positions, including 143 supervisors.
We have 105 Negro engineers specializing in
the aeronautical, electrical, and mechanical
fields. For example, one of our Negro em-
ployees, who started as a janitor in 1942, is
today a senior electrical engineer who investi-
gates, analyzes, and solves electrical problems
relative to fusion and resistance welding. _ .l-
other example is a Negro, hired in 1948 as
janitor, who progressed through several manu-
ally skilled and laboratory analytical jobs into
the field of health, physics, and safety. In his
spare time, he continued his education at Long
Beach City College and the University of Cali-
fornia at Los Angeles. He is today Chief of
Health and Safety at our Atomics International
Division, supervising a group of 45 employees.
This brings me to what is perhaps the most
important economic and sociological effect of
our changing technology--the rising level of
employee skills and education. The growing
technical content of our products has been ac-
companied by a considerable growth in the
production of our employees in engineering de-
partments, as compared with production depart-
ments. Figure 7 shows the numerical increase
of employees in the engineering departments of
North American from 1946 to the present. I
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might add that the percentage of engineering
employees to total employees increased from less
than 4 percent during World War II to nearly
27 percent today. Figure 8 shows the changing
situation in a typical aerospace firm, as given in
a recent issue of a management magazine. In
1954 the managerial and all other professional
personnel constituted 38 percent of total em-
ployment. According to projections, the per-
centage will be 61 in 1965 and 70 in 1970.
This trend toward more highly qualified per-
sonnel can be measured by other North Ameri-
can statistics. As shown in figure 9, the
=1 f
FIOURE 7.--Research, development, engineering, and
engineering support personnel of North American
Aviation, Inc. Data as of February 23, 1963.
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FIGURE 9.--Hourly paid employees as a percentage of
total employees of North American Aviation, Inc.
(as of December 31 of each year).
percentage of hourly paid employees---as dis-
tinct from weekly and salaried employees---has
dropped from 73.4 percent in 1936 to 42.8 per-
cent at the end of 1961.
Another yardstick is the number and types of
college degTees. The following lists indicate
the diversification in types of degrees at North
American :
Typical degrees in 19_2












Banking and finance Phosphate industry
Biochemistry science
Ceramics Photogrammetry





Library science Tool engineering




Twenty years ago, nearly all our engineers
had degrees in aeronautical, civil, electrical, and
mechanical engineering. Today, North Ameri-
can employees have degrees representing more
than 175 different college majors. Among
North American's 36,000 salaried and advanced
technical people, there are more than 18,000 de-
gree_ These include 15,583 bachelor's degrees,
2,440 master's degrees, and 427 doctorates.
It must be emphasized that this upgrading of
personnel skills is not accomplished simply by
hiring new and more skilled employees. The
companies have often adopted programs to im-
prove the talents and training of existing em-
ployees. The three different educational pro-
grams conducted by North American, for
approved courses at approved schools, can be
outlined as follows:
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1. Educational reimbursement program--
Reimburses two-thirds of tuition and fees at com-
pletion of course,
Reimburses balance on award of degree,
Participation in calendar 1962 :
10,179 courses completed by 7,469 applicants,
153 bachelor's degrees awarded,
79 master's degrees awarded,
6 doctorates awarded.
2. Prepaid advanced-degree work-study program--
Pays full tuition and fees for selected personnel,
Participation in academic 1962-63 :
339 employees working on master's degrees,
70 employees working on doctorates.
3. Educational fellowship program--
For advanced-degree studies in science, engineer-
ing and mathematics,
Pays full tuition and fees, allowances for books
and supplies, and income stipends,
Gives supplemental grants for educational _nsti-
tutions,
Participation in academic 1962-63 :
14 candidates for master's degrees,
18 candidates for doctorates.
The oldest and most comprehensive of these is
the educational reimbursement program, in
which employees are compensated for two-
thirds of the costs in taking courses designed
to increase their skills. We recently instituted
the two additional education programs for grad-
uate work, in which full tuition, and in a num-
ber of cases living expenses, are given to can-
didates for advanced degrees. In addition,
many companies, including North American,
make direct grants to schools, conduct scholar-
ship programs for children of employees, and
in other ways help to support higher education.
Nor is this upgrading of personnel confined
to supervisory and technical people. Many of
those in North American's educational pro-
grams are hourly employees. As a further in-
stance, we have been conducting for a number
of years a program to train blue-collar workers
for higher positions. In 1961 nearly 24,000 em-
ployees were taking training under this pro-
gram. Partly as a result of this effort, 2,423
blue-collar workers were transferred to white-
collar jobs in 1960 and 1961 in our Los Angeles
area divisions alone.
This trend toward more educated personnel
is having a strong economic and sociological
impact on the communities in which aerospace
companies are located. Foremost is the in-
creased purchasing power. In North America's
case, as shown in figure 10, average annual pay
per employee has risen from $1,468 in 1937 to
$7,852 in 1962. Even allowing for inflation,
this constitutes a substantial increase in ex-
pendable income. In addition, the types of
goods in demand have naturally been affected.
Savings accounts have increased, with conse-
quent growth in the lending funds available
for new enterprises and other activities of ben-
efit to the community. Improved property
values, tax revenues, and charitable contribu-
tions are just a few of the additional advan-
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FZGUaE 10.--Average annual pay per employee of
North American Aviation, Inc.
Still another effect has been the tendency for
people of higher education to take a more vital
interest in community affairs--to support local
activities for civic betterment and to take a
larger part in local government. Many of
North American's employees, for example, have
been elected to public office, such as city coun-
cils and school boards. Many share their
knowledge and talents with the community by
serving on college faculties.
In other words, a high level of employee edu-
cation makes for a more enlightened, informed,
and dynamic electorate. It gives a most en-
couraging answer to Jefferson's maxim that de-
mocracy without education is unworkable.
A still broader effect is the motivation that
these people bring to their work. Those who
have had the initiative to improve their train-'
ing and education are those with energy, am-
bition, and a willingness to assume responsi-
bility. In an industry which rewards efficiency,
they can see around them opportunities for
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further self-advancement. They are stimulated
to put forth not only the effort that is required
of them but an added measure as well.
The result is that the nation is benefited in
at least two ways. The first is a quantitative
increment of effort. For example, in 1959
North American began keeping track of the
hours worked by its salaried employees, partly
to determine, in cooperation with the Air Force,
whether they were actually putting in all the
hours they were being paid for. It turned out
that they were devoting more time, rather than
less. In 1962 these net uncompensated over-
time hours totaled more than 1.7 milliorr
Translated into a total dollar amount based on
average salaries, the Government may be said
to have received in that year nearly $8.7 million
more than its money's worth.
Yet a more important bonus is a qualitative
value, in the form of the original ideas, the cre-
ative energy, and the competitive drive gen-
erated by these people. Allied with this is a
sense of responsibility--an interest in the suc-
cess of the program and an identification with
the fortunes of the company. These are un-
measurable benefits, but they are the real fuel
on which our system operates. They constitute
the vital difference between free enterprise and
the Communist system. In the end, I firmly
believe they will provide the critical measure
of superiority by which the one society will sur-
vive the other.
PANEL DISCUSSION
W. S. Evans: I was impressed again with the
point brought out as to the effect of the aero-
space industry on the community. Of course,
we all know the effect when a contract is cut
back. This makes for a very unstable situation.
Is there any further development along this
line--any comments as to further enlightenment
or solution ? Is this as unstable as it might seem
to be?
Dr. Ivan A. Geffins: This has been a very deep
concern with me. Some of you may have read
Mr. Rubel's speech not long ago, in which he
pointed out that 75 percent of the total R&D
dollars spent in the United States comes directly
from the Federal Government. He also point_t
out that last year, and for a number of years
in the past, the average increase of total R&D
has been 10 percent per year. There has been
adequate manpower to support this. But last
year the amount spent by private industry on
R&D went down in absolute dollars.
This can be a very serious situation, obviously,
if there is any major cutback in any aspect of
Federal spending. In the commercial elec-
tronics and hardware business, a million dollars
of sales will support one or two engineers;
whereas in the Government business today, in
space and missiles, the same amount of sales will
support about 10 times that many engineers. I
am just supporting Mr. Haber's very clear data
on the change in the way dollars are being spent.
Now, the clear implication of this is that, if
international tensions should lessen appreciably,
with a resulting decrease in the demand on the
part of Congress for prestige items--whether in
so-called peaceful space or civilian space or in
military equipment--there would be a terrific
amount of unemployment. The whole situation
would become very unstable. Therefore, I
think this is one of the major problems which
requires effort toward a solution.
LouisO. Kelso: As a matter of fact, the picture
is considerably more unstable than Dr. Getting
suggests. I am impressed with Mr. Haber's
comments as to the effect of the aerospace indus-
try, but he did not satisfy me that an industry of
equal size--for example, one that was engaged
in the production of consumable goods and serv-
ices or engaged in the job of industrializing the
developing economy--would not do everything
that an aerospace industry would do for its com-
munity. In addition, it might do a great deal
more for mankind.
We cannot turn our backs on this problem
The President, in his economic report this year,
pointed out that some $40 billion of unused in-
dustrial capacity existed in the United States in
1962. The Conference on Economic Progress,
a research organization in Washington, has
added to this by pointing out that there are some
77 million people in the United States that live
in poverty or in privation.
We have an affluent society, certainly, by com-
parison with all past societies and with most
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present societies. But the label of affluence ap-
plies to about 7 percent of the economy, and
some 77 million Americans are getting very
little out of technology. That is not really the
beginning of the story either--80 percent of the
world's population may be said to derive almost
nothing from technology today. As C. P.
Snow, the distinguished British scientist, has
said, they live "brutish lives, indistinguishable
from those of man before the industrial revolu-
tion."
The question of the insecurity of our present
posture cannot be weighed without taking into
consideration the fact that we are devoting
enormous talents, a great amount of time, great
resources, great know-how, and great attention
to space exploration when, in fact, we are de-
faulting on our obligation with respect to half
or more of our own population and at least 80
percent of the wor]d's population.
I think these people will call us to account
someday by asking, How can you put this kind
of money into space when we are starving to
death--when your life span expectancy is two
and a half times ours? How can you spend
your wealth that way ?
These things are behind the insecurity. A
really affluent society can afford a massive space
effort; a partially affluent society may not be
able to afford a space industry. The one thing
that our political leaders impress on us is that
the rest of the world knows that it is easy to pro-
duce wealth. The real problem is how to make
it available to mankind. C. P. Snow again
made this point in his little book on the two
cultures. He said: "The secret is out, and it's
been noticed by all the wrong people, namely,
the people who are poor and starving in the
developing economies."
If we are to be able to address ourselves to
the exploration of space, we had better solve
this distributive problem now. The economists,
the political scientists, the lawyers, the finan-
ciers, and the bankers are doing a poor job.
They are not using the objective intelligence
that science uses in analyzing the problems be-
fore them. The very function of technology
is a mystery to most of mankind. By and large,
labor leaders, heads of industry, and l_aders
of government say that the development of new
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capital instruments to produce wealth "in-
creases the productivity of labor." This is a
kind of mysticism that science would not tol-
erate, but it passes for currency in the social
sciences.
Technology, I think, is a process by which
man is harnessing nature and making nature
work for him. It is shifting the burden of pro-
duction off the back of labor and onto the ma-
chine. But we talk about billions and billions
,in new capital formation and not one new
capital owner. In a preindustrial society, every
man owned labor. God made him a producer;
he was built that way. But in an industrial so-
ciety, labor is accounting for less and less---and,
as the president of a company engaged in auto-
mation recently said, "In another decade it will
account for only a fraction of the total wealth
produced." My own estimate is that it ac-
counts for less than 10 percent of it today, al-
though economic statistics do not reflect that.
We measure input by out-take, which is some-
thing els_ that no scientist would tolerate.
I suggest that the scientists and the business
executives plunge into the social sciences, ana-
lyze them, and throw out some of the ancient
illusions. I believe that the whole economic
fabric, and the thinking that underlies the
fabric, is based on the theory that there is only
one factor of production. Capital accumula-
tion and the financial aspects of it receive a good
deal of lip service, but in general, capital is
treated as something that mystically enhances
the productivity of labor.
If an improvement is made in a machine and
it then requires only 2 operators rather than the
10 it previously required, the social scientists
say the productivity of labor has gone up. Ap-
parently they are even saying that the produc-
tivity of the men who were displaced has gone
up, too, although they are among the unem-
ployed. We need to attack the social sciences
and bring them up to date. Then we can afford
a massive space effort. If we all are wealthy, we
can afford to spend our wealth in ways that ad-
vanco the knowledge of mankind for the sheer
joy of knowing. There may not be anything in
space we want, but we can at least afford to
find out. But we had better not turn our backs
on the people right here in the course of doing
it.
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Dr. Karl Wolf: I think the space effort is really
a blessing in disguise, and so are many of the
defense expenditures. It is unfortunately
true---if we look back that much of the prog-
ress of humanity has been az_omplished by
things we really could not afford, such as wars_
for example, in which great efforts went into
research and development and brought forth
new technology. Mr. ttaber very eloquently
pointed out this blessing in disguise, and also
the impact that it has on a free society. He
mentioned that many new companies axe grow-
ing up and that if people are trained, they have
a better chance to express their individtml cre-
ativity and to contribute to the commercial
field.
I would like to address some questions to Mr.
Kelso. Do you have any suggestions as to how
to establish a balance among the technological
manpower in a society ? What share should be_
say, hand labor ? What share should be intel-
lectual labor._ And among the latter, who
should be engineers, scientists, physicists, social
scientists, and so on _.
Mr. Kelso: I do not think it is a quantitative
problem. The problem exists well enough.
We must have a free society, and the number
must adjust itself. Man is a creative animal;
where he sees need he instinctively rushes in to
fill the need.
If I were to point out a single place where
one could begin to correct this most difficult
problem, it would be in the world of finance.
The world of finance is built up in a system that
has arisen out of tradition it is unexamined,
unscrutinized. Yet it holds itself to be a mys-
tique which we must not even ask about. Most
people accept this; most people are afraid to
even query financial institutions.
In our systems of finance, new capital forma-
tion is built on savings. Such techniques give
the existing owners or possessors of capital an
exclusive franchise to acquire and own newly
formed capital. Thus, by simple definition, the
system is not designed to broaden the proprie-
tary base, or to have more and more men par-
ticipating in production as owners of capital,
or to have more and more families supplement-
ing their labor income with capital income,
which would enable us to build the power to
consume as we build the industrial power to
produce. This is purely a structural defect.
We tolerate it because it suits the interests of
certain people. In failing to recognize that
capital is the producer of wealth, that it pro-
duces wealth in exactly the same sense as labor,
we fail to insist that, just as the right to work
was a heritage of man in a preindustrial so-
ciety, so too the right to own capital privately
should be a heritage of man--increasing num-
bers of men--in an industrial society. The in-
stitutions of finance should be reformed to allow
the exercise of this right ; I think it is very easy
to do. I have written a book in which I have
blueprinted one technique, but I do not think
it is the only technique.
If I were to put my finger on one single place
to start reformation, to upgrade all the social
sciences, it would be on the world of finance.
Dr. Geeing: it is my impression that, as a
country, we can produce more food than we can
use, more clothing than we can use, more fuel
than we can use, and more mechanisms of trans-
portation than we can use. Undoubtedly dis-
tribution can be improved. I am not in the
least concerned about broadening the ownership
base in this country. Practically everyone at
the present time has savings accounts, stocks, or
other such things, even at the laboring level. I
think these things are all good. But over and
above all this, we have a surplus of skills and
ability which somehow has to be used or we will
have unemployment and a worse distribution
situation.
I suggested that perhaps the space effort was
a good way to use up this surplus ability and
furnish employment of a high intellectual level,
which brings about more education and higher
standards of the type Mr. Haber has suggested.
We could, instead of going to the moon, make
sure everybody has two cars instead of one, and
two outboard engines instead of one_ and six
chickens in the pot every night--even though
we couldn't eat them. We are an affluent so-
ciety, and it is this affluence that makes it possi-
ble for us to do the things Mr. Haber's company
is doing.
The danger is that it is not necessarily stable
in the long run. How do we get stability in an
affluent society ._
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Earl D. Johnson:Mr. Haber said that he
thought his figures would probably apply to
the aerospace industry as a whole. I sent an
advance copy of his paper to our organization,
General Dynamics, where employment has been
as high as 110,000. It is about 85,000 at present.
Basically, the figures for our company agree
with Mr. Haber's, after the noncomparable ac-
tivities are eliminated.
As Mr. Haber pointed out, the change in com-
position of the work force has resulted in a
steady progression toward a higher and higher
ratio of scientific and engineering specialists
vis-a-vis production and unskilled workers. In
these companies, the unskilled worker and even
the production worker is falling into the same
category as the agrarian worker in our na-
tional economy. This situation is a direct re-
flection of the increased emphasis on advanced
technologies encompassing the entire spectrum
of scientific and engineering disciplines. It
points up the individual nature and limited pro-
duction runs of even those items of hardware
covered by the largest volume of defense con-
tracts.
Is it possible to deduce from the experience of
aerospace companies that this generalization
will apply to the work force in the civilian econ-
omy as the techniques and knowledge from the
aerospace industries sift into the production
and complex type of operation in the more ad-
vanced companies serving the civilian economy ?
It seems to me that this is going to happen, and
when it happens, the result will not be unem-
ployment of what was in the past considered
labor--that is, the lower level of worker--but a
cyclical impact in employment upon the men
of the highest intelligence. This is something
that will produce a real reaction, because these
men are intelligent; they know how to write;
they know how to speak; they know the news
media; they know the forums they can appear
before and get action. It seems to me that these
cyclical fluctuations, affecting the brightest
minds, are going to have a real impact upon our
society and upon our urban life.
Dr. LouisWinnick: Both Mr. Haber and I have
been focused fairly closely on the aerospace in-
dustries, whereas Dr. Gordon, in his paper, took
a larger spectrum for his subject matter. In
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Dr. Gordon's statistics, the unemployment rate
in the higher professional and technological
skills was almost invisible.
I had a little trouble understanding the word
"cyclical" as used by Mr. Johnson. I think his
concern is "instability." Consider the aero-
space industry, which is so bound to govern-
ment contract work, which in turn is bound to
political decisions and to Congressional budget-
making. Suppose that the faucet were turned
on and off at some unpredictable and irregular
rate. The unemployment curve would then
fluctuate, showing an effect on employment in
the higher engineering ranks as well as on the
unskilled workers. I think this is the situation
we are considering.
It is my impression--and I think there is con-
siderable data to back it up--that there is a
tremendous shortage, in the true economic sense,
of all the skills we are talking about. There
are enormous numbers of unfilled jobs which
cannot compete with the engineering salaries
being paid by cost-plus contracts. For example,
there are several thousand unfilled engineering
jobs in the Government. There is no highway
department that can fill its engineering require-
ments ; there is no mechanical department in the
Government service that can fill its engineering
requirements. This is also true for architects.
It is almost impossible for FHA to hire the
quality of architects it could get in the thirties.
Although I agree that there would be con-
siderable economic hardship and geographical
movement of people, the adjustment would not
be in terms of substantial unemployment rates
among the highly skilled technologists. They
might have to adjust to smaller salaries than
they have been used to and they might have to
move around a good deal, but I don't think the
picture is quite as black as Mr. Johnsor_ pic-
tures it.
Mr. Johnson: I do not mean it isblack. I mean
it is a new element introduced into society which
has not yet been put into focus. I agree that
there is a shortage in certain types of activities,
but consider the way in which huge government
contracts are being let. What takes place? In
sequence, there are the theoretical concept, the
feasibility studies, the design studies, the proto-
type and testing, and the production. These
contracts may run, in some cases, 10 or 15 years.
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As an example, our company has a contract
that will require, in the beginning, a tremen-
dous number of the highest quality engineers
and scientists across the whole spectrum of dis-
ciplines. Within 2 or 3 years that phase will be
past, and then the production phase may run 4
or 5 years more. How does one keep these men
employed in the meantime, during the 4 or 5
years ? The point is that the research and engi-
neering must finally come to an end. There
comes a time when research dollars must be
interpreted in terms of the practical effect,
whether it is a vehicle or a venture. The ratio
between the dollars required for the follow-up
work and those required for the initial research
work is astronomical, especially when it is real-
ized that about $10 billion per year is being put
into research in this country.
RoberF J. Lacklen: NASA has, naturally, been
accused of having a ve_ great impact on the
manpower pool in the country, and so we have
conducted some studies to determine what
would be the effect of sudden elimination of the
space program. For example, NASA now has,
working as employees, a little over 9,000 scien-
tists and engineers. According to the best
information we can get, our contractors are
currently employing another 33,000 or 34,000.
This means that there are approximately 42,000
engineers and scientists working on the space
program. These figures are based on actual
expenditures, which lag behind obligations and
appropriations.
We estimate that the scientist and engineer
pool now contains about a million and a half
persons. Therefore, even if NASA continues to
grow to some extent, and levels off at a budget
of around $6 billion per year, it will never, in-
house and under its contracts, use up more than
7 percent of the sc.ientists and engineers of the
country. Thus, the space program does not
appear to have tremendous impact on direct
science and engineering manpower.
It has been said that over two-thirds of the
research and development in the country is being
financed by the government. But consider the
fact that of the entire scientist and engineer
pool, only 36 percent are at present engaged in
R&D work--and NASA programs occupy only
about a quarter or less of that 36 percent. It
is a pretty big pool.
It is true that as the years go by, an increas-
ing percentage of our work force will be com-
posed of scientists and engineers, and this trend
seems to be very strong. The colleges may catch
up with us; or they may not. Some people are
worried about the fact that engineering enroll-
ments are not keeping up with the growth and
need. I, for one, am not very much worried
about unemployment among scientists and en-
gineers. In 1948 there were many predictions
of a large oversupply of engineers. Then the
Korean action came along, and we have been
desperate for technical people ever since. Thus,
I do not think the space program--at least the
space program as it is now set up---even with all
the contracts, is likely to upset the big popula-
tion of scientists and engineers to any great
extent.
Dr. KenneCh 5. Pi_er: I would like to underline
.......... v ...... , ._,_ are still many demands
for higMy trained people, in spite of their great
numbers. Many college faculties, for example,
have unfilled positions or positions filled at
much lower levels of education and training
than the college would like. In many places
the econom;¢ could take up additional highly
skilled people if they became available. As has
been mentioned before, the salaries might be
lower and they might be in a different loca-
tion-but nonetheless, the opportunities are
there.
The great problem--and this is becoming
more and more an urban problem instead of a
rural problem because the population on the
farm is small but the low-skilled or unskilled
population in the city still is large--is the ex-
cess of unskilled workers or workers of rela-
tively low skill that need to be trained to some
higher skill in order to fill an existing need.
This, of course, has been widely recognized,
but it needs to be underlined at this point.
There are large numbers of people involved in
this problem, and cyclical situations, such as the
end of a production run, will add to the prob-
lem of placing people in new activities.
Mr. Johnson:One of the impacts of these de-
veloping technologies will be the continued need
for expansion of educational institutions and
activities at all levels. Because of the way edu-
cation is financed, this means more money from
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the taxpayer. Governor Brown has said he
wants to upgrade the worker, but he is running
into resistance. Who is going to do it? Is it
going to be done at government expense at the
local level, or at the state level, or at the Fed-
eral level ? Or will it be done by the corporation
with in-house programs such as Mr. Haber
mentioned ? This is one place where the impact
of these new technologies is having the greatest
effect on the individual and on 'the urban
community.
Robert S. Ash: You talk about labor people.
I am the only one at this conference. But I am
not concerned with the scientists and engineers,
because they do not belong to our unions. It
might be well, Mr. Johnson, if there were a big
surge of unemployment among the scientists and
engineers and high technicians, because if it is
true that they are able to get to the press media
and able to speak, maybe they can do a better
job of talking to Congress and the State legis-
lature. If they do that, with their ability, they
may be called worse radicals and Socialists than
we have been called.
I am not concerned with this expansion of
technology, with the expansion of the need for
scientists and engineers to build bigger and
more computers and so on. I am concerned
with the person who is replaced--the craftsman,
the unskilled person. In particular, I feel sor-
rier for the unskilled person than I do for the
craftsman or the person with a mechanical trade
who is replaced. I had hoped that someone
would come up with an idea for solving the
problem.
As for training and retraining these people,
it has to be done before they are replaced--and
it cannot be done overnight. A company may
bring in, almost overnight, new equipment,
machinery, and computers--and then give the
workers 2 weeks' notice or, in some instances,
several months' severance pay. You cannot ex-
pect those people to be retrained because they
have no place to train. They have no job to go
to in many instances. We have bad, in the past
few months, two or three strikes and threats
of many more over this matter of automation--
simply because industry and Government h_ve
not tried to train the people ahead of the
changes. Maybe it is impossible ; I do not know.
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The other thing that concerns me is: If we
do retrain them, where are they going to work ?
In a recent cartoon, a man was sitting before a
great big computer, watching the buttons. Back
of him his boss was holding a smaller computer
and saying, "Move over. You've got another
technician, another computer to watch the
lights." I think eventually it will benefit all
of us, but for the next few years I foresee no
benefit to the man who _vill be out of work.
My question is: What is industry doing to
retrain in advazice the production worker, the
skilled mechanics, the people who are going to
be replaced by these machines ?
Mr. I.acklen: While the need for labor is going
down, the need for technicians is going up very
rapidly. In fact, we have a saying that we are
shorter of technicians than we are of scientists.
A good technician is harder to find than a sci-
entist. These are people who primarily came
out of the trades and crafts. This is an area of
retraining that is greatly needed, and we are
trying to do what we can.
Mr. Johnson: A distinction must be made be-
tween those things that can be done in an orderly
process and those things that must be done under
a crash program. When Douglas received the
cancellation of the Skybolt_ they must have had
to move without any regard for retraining time
and relocation of people except for a very lim-
ited few. They were caught. When the Nay-
aho was canceled, North American had around
15,000 people at Downey and about 10,000 were
discharged in something like 60 days. There is
no chance to do anything under such circum-
stances.
However, when we go from one program to
another on an orderly basis, we can accomplish
much. For example, in our company at
Pomona, we have had this opportunity. We
have established in-house classes and we have
made arrangements with outside institutions to
conduct this training. We have introduced
training aids. Television has been a tremen-
dous help to us in transfering skills. We have
done things with training aids which seemed
impossible even as recently as 4 or 5 years ago.
But, again, the change that is taking place
under the impact of these burgeoning technolo-
gies has reached such a pace that it has gone
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out of the evolutionary and into the revolution-
ary stage--and that is where the rigidity set in.
As a matter of fact, the social system, the gov-
ernmental organization, business organizations,
and even the educational institutions have be-
come as rigid as many of the government
institutions.
Mr. Ash: I think you miss the point of my
question. I am not necessarily concerned with
what is happening to the space industry. I am
concerned with what is happening to other in-
dustries as a result of byproducts from space-
industry developments. If my son wanted to
be a machinist or mechanic, about the only trade
I would pick for him would be a "body and
fender man" in an automobile shop, because as
long as freeways are built, there will be smashed
fenders. I do not think they will ever make a
car that will not break up, and he would have a
job from here on out. But I am concerned with
the byproducts of what you are developing in
NASA and the space industry that are going
to be used by other industries.
Mr. Kelso: The question, I take it, is: What is
the effect of technology, more accelerated tech-
nology, coming out of the space program ? The
picture is probably darker than Mr. Ash has
painted it. The President's first report under
the Manpower Act of 1962 has just been re-
leased, and in it he points out that between 1947
and 1957, the economy generated 700,000 jobs
a year. From 1957 to 1962, the rate dropped to
less than 175,000. But that is only one side of
it. The number of new entrants in the labor
force is growing each year and will grow each
year for the next decade--by 13 million, accord-
ing to this manpower report, during the 1960's
and by another 7 million between 1970 and 1975.
The problem of labor unions is, or should be,
much bigger than just the problem of re-
training their own members. They certainly
should be concerned about that, but unions
should also be concerned about those who have
no other means of participating in the produc-
tion of wealth and who are going to be part of
the labor force and will not get jobs in the fu-
ture. The general figure of unemployment to-
day is about 6 percent, but among teenage chil-
dren it is about 20 percent. Among teenage
Negro children it is about 25 percent. And this
is in spite of all of the efforts that have been
made to cover up the effects of unemployment:
enormous feather-bedding in some instances,
and all kinds of industrial attempts--out of
good will, without any question--to hold people
in industry until they die off, though they will
not be replaced. Someone mentioned Erma.
It will be a long time before any bank clerks
are hired; the banks are going to keep those
that are displaced by Erma.
Labor organizations had better begin to pre-
pare now for the fact that the purpose of tech-
nology is to eliminate labor. If they want to
participate in production as producers, they had
better begin to agitate for techniques of finance
whereby they can acquire, buy, pay for, and
employ capital. The capital instrument is sup-
planting man in the production of wealth.
I define a capitalist as a man who receives
from capital sources at least half the income
that he spends on consumption. Now, that is a
fair definition. By this definition, one-half of
1 percent of the American population are
capitalists.
Mr. blaber: I certainly appreciate the remarks
that the panelists have made, and I am quite
sympathetic to Mr. Kelso's remarks. I would
like to call your attention to the fact that the
so-called technological revolution occurred, in
fact, prior to the so-called space age.
Mr. Kelso: Mere acceleration.
Mr.blaber: That is right. We were in the a_o_
before many of us--in fact, almost all of us--
appreciated what had happened. _rhether you
like it or not, it will not go away. We might
shut off one program or another, but it is here;
it is feeding on itself. The accumulation of
knowledge that has been generated is snowball-
ing--and this, in fact, does present a very real
problem.
The problem is further aggravated by the
fact--and this fact disturbs me---that there is a
tendency to say that if the space programs only
went away, this wealth could be employed else-
where. The problem is far more serious than
that. Until there is an educated electorate who
can approach the social problems we are faced
with on the basis of knowledge and freedom
from prejudice, we will not solve this problem.
If the modern age has done nothing more for us,
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it has generated an intense preoccupation with
ed.ucation. This is obviously no solution to the
overall problem, but at least it is a very im-
portant step. I think that our training pro-
grams will help, but they are a drop in the
bucket.
H. D. Lowrey: I would hate to think that we
would stop the space program right now so that
we could do something differently for a group
of people who, I believe, are supported best by
this particular method. The last thing we can
possibly afford is to stop it. It is doing more
than any other one thing I can see at this time
to produce a new and different technology. In
our particular company in the South_ we are
training a good many people for a brandnew
kind of thing in a brandnew area--in a brand-
new part of this country that has never ex-
perienced anything like this before. It will
bring a new concept of living and a new idea
for this area of the South.
I think that it can do wonders to increase
our overall capability for learning_ for doing,
and for accomplishing things for the average
man--the one that needs the union for his sup-
port and wants it.
Mr. Johnson: I agree there is an unemploy-
ment problem; unemployment is actually in-
creasing, rather than decreasing. But I do not
believe that technology has the responsibility for
the increase in unemployment_ and this is what
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seems to be coming out of this discussion.
Without these new teclmologies, without the
billion-dollar electronic industry which is one
of the things that is supposedly throwing some
people out of work, we would really have unem-
ployment. The technologies have helped,
rather than hurt.
Mr. Kelso: The last thing I would advocate
is a cessation of the space industry, nor do I say
it is the responsibility of technology to provide
employment. I say just the reverse; its pur-
pose is to eliminate employment. But the con-
elusion that should be distilled from my re-
marks is simply this: It is important that we
take a look at our political, economi% and legal
structure in order that we may simultaneously
build the economic power to consume as we
build the industrial power to produce. If we
do that in the space age_ we can afford any other
kind of age. This is where we should focus our
attention. As I have said_ I think the big cul-
prit lies in the world of finance.
Mr. Lacklen: I would like to reiterate that a
higher percentage of our work force needs to
be more highly trained. Those with the lower
levels of skills, unless they can raise their level.
are going to be permanently unemployed. Be-
cause of the nature of our society, a higher and
higher percentage of skilled workers will be
required. Our real problem is to train people
who are unskilled.
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WHAT IMMEDIATE PROGRESS CAN BE MADE TO APPLY NEW
SPACE AND SCIENTIFIC TECHNOLOGY TO GREATER USE
IN OUR URBAN AND INDUSTRIAL COMMUNITIES?
INTRODUCTORY REMARKS
Gem Donald L. Puff
This panel session has been labeled the sum-
mary session, and perhaps in some respects we
can call it "the last roundup." I would prefer
to call it an interpretive summary because,
Irnr,_;na tha nnnol;_ T _m q111r'P that. they will
summarize in the light of their own interpre-
tation of what they have heard and seen at this
conference. Much of substance has been said,
and many good ideas have been expressed that
bear on the objectives of this conference. If all
these words are to be translated into action,
much continuous effort, will be required on the
part of many people. A permanent commit_e
has just been established to insure this effort.
I would like to think of this panel as the first
step in the distillation process to extract from
all that has been said some of the good ideas
and to put them in specific form. It is hoped
that one or more specific recommendations will
be made for action that might be taken in the
future through the permanent committee that
I would like to refer to the specific question
of our panel, "What Immediate Progress Can
Be Made To Apply New Space and Scientific
Technology to Greater Use in Our Urban and
Industrial Communities_." It seems to me that
the desired emphasis should be on the word
"immediate." This panel will try to identify
some of the areas in which immediate progress
can be made. Each of these panelists was as-
signed to cover one of the panel sessions, and
each wilt distill from the proceedings of that
panel what he thinks was most important.
PANEL DISCUSSION
Richard E Homer: My assignment was to mon-
itor and summarize the panel entitled "Develop-
ing and Maintaining Open Channels of Com-
mnnications Between the Laboratory, Industry,
and the Community."
Certainly it is a complex question and one
that eve_. industrial concern is very much
aware of, especially if there exists in the com-
pany a central laboratory. Just the process
of transferring information within the com-
pany from the operating division to the central
laboratory and back has always been a major
problem.
The keynote speaker of the panel, Dr. George
Simpson, suggested that there are three cate-
gories of communications channels---communi-
cations needs--of significance. One is the daily
problem of the laboratory investigator's com-
munication with his line of management, and
the reverse. This channel is essential to afford
sympathetic understanding by m_rnagement for
the provision of resources, and it is important
in the other direction to insure proper usage of
the information generated by the investigator.
The second communication need concerns the
ma_ communications problem, the mass of in-
formation generated by the tremendous re-
search and development program in this nation
and its communication to the large body of
interested people. This, of course is the classi-
cal education problem.
211
212 CONFERENCE ON SPACE, SCIENCE, AND URBAN LIFE
The third category is the focused conmmni-
cations problem, that is, the application of dis-
crete sums of information to specific problems
such as the problems of urban areas.
Dr. Simpson pointed out that there are at
least three prerequisites for successful solu-
tions to this third problem of communications.
The first is a source of competent knowledge
that is immediate and related closely enough
to those it supplies to inspire complete confi-
dence. An example is the agricultural experi-
ment station, which usually exists in the local
community and where, for example, the house-
wife can call to find out why her strawberry
leaves are turning brown and get an almost im-
mediate answer. Another example is the local
university that performs this function in the
community, even though not as its primary
duty.
The second prerequisite is a structure of ac-
tion, such as conferences, periodic reports, and
publications, which implement the transfer of
information.
And the third is the motivation for the trans-
fer of information. This motivation can take
Sgveral forms, personal or general in nature.
Some examples are economic motivation, social-
interest motivation, and political interest.
The panelists pointed out that laboratory in-
vestigators, particularly, need training in the
communication sciences; that all too frequently
laboratory investigators really feel their job has
been completed when they write a report, which
is usually in their own language and frequently
not understandable to the recipient. There is
little indication that they really want to "sell"
their ideas.
Panelists also commented on the problem of
discrimination of information. There have
been several references in this conference to the
tremendous volume of information and the
problem that is created; and it seems that pos-
sibly almost as severe a problem as transferring
the good information is the problem of reject-
ing the bad, the duplicative information.
Somebody has observed that if you stack up all
the technical reports and scramble to the top,
it might be a more certain way of getting to
the moon.
Another comment was to the effect that there
are two kinds of information problems. In the
first case the problem is recognized and is sub-
ject to reduction by a search through all of the
information for applications. Then there is
the other case, in which the problem is identi-
fied only by the availability of the answer.
Frequently we have answers to questions that
have not been asked.
The observation was made that there are--
because of the rules of our society, of our free
economy--many mechanisms which exist spe-
cifically to inhibit the process of information
flow. Into this category, of course, fall such
things as patents and copyrights ; they exist for
the purpose of motivating information flow, but
they actually inhibit the breadth of trans-
ference.
There are other mechanisms of government,
such as security and the source selection process.
I think it was Dr. DeFrance who mentioned
with some nostalgia that his particular labora-
tory had progressed into an age where industry
members with whom he had formerly cooper-
ated very closely must now be treated at arm's
length in the process of putting out large sums
of public funds.
In fulfilling my responsibility of distilling
one suggestion for immediate operation, I have
taken the liberty of making a fairly compre-
hensive suggestion, which I think might be ac-
cused of being really more than one. The
suggestion that I think comes through all of
the presentations in this area is to establish
an d encourage pl_wned mechanisms for trans-
ference of information. This is a responsi-
bility of industry. It is a responsibility of the
university. It is a responsibility of the govern-
ment. The need for doing this was, I thought,
very well stated by Dr. Kimball : "If we really
expect the benefits of the space program to
accrue to our urban society by spillover, it just
isn't going to happen." So there is a require-
ment for these planned mechanisms.
What are some examples of such planned
mechanisms? To begin with, more attention
needs to be given to understanding each other's
problems. There will not be good communi-
cations between industry, the university, and
government until'there is a sympathetic under-
SUMMARY SEMXNAR G
standing of the other fellow's problem, so that
each speaks the other's language with an accent
that can be understood.
Specifically, in industry, there is a tremen-
dous opportunity for individual companies to
put their existing programs of communications,
and especially communications with universi-
ties, into order. Every company that I know
of has a variety of program elements:in compa-
ny-university relationships. Sometimes they
are not recognized as such, but every company
has consultants from the academic community.
Most companies are engaged in a grants pro-
gram. They have contract relationships with
universities. If you look at these programs
carefully, you frequently find they are stepping
on each other's toes. They are in conflict, The
company occasionally hires the professor that
it is trying to support through a contract ac-
tivity° Just t.b_.coordination of th_ progr*_ms
would be a very effective effort for the industry
to undertake.
In the university element of society, as was
mentioned by Dr. Libby, there is a wonderful
opportunity to make greater use of extension
courses to educate the working element of the
adult public. And coupled with this, of course,
are other mechanics for integrating new infor-
mation into the academic program.
On the side of the Government, perhaps the
most fruitful thing the Government can do is to
continue to expand the mechanics for encourag-
ing industry-university relationships. There
is also a possibility that the Government could
make a major contribution by considering a
revolutionary change in Government-industry
contractual relationships. These relationships
were generated early in the 1940's in the chaos
of World War II and are still largely in effect
today; a segment of the American industry is to
a large degree subsidized. We are not really
gaining all the advantages of the free-enter-
prise system. It is extremely difficult for an
industry that lives by Government-sponsored re-
search and development' to go into a com-
mercial or consumer products business without
establishing a completely separate corporate
entity. There is a reason for this, and the
situation can be fairly easily corrected.
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Dr. Burnham Kelly: My assignment was the
seminar on "What Specific Implications Does
Expanding Technology Have Upon the Prob
lems of Metropolitan Areas ._" I assure you this
was a real pleasure.
Martin Meyerson gave the principal talk.
He opened by stressing the inherent complexity
of urban problems and the huge capital costs
necessary to exploit technological advances,
but he soon turned to the business of teasing our
imaginations. Paraphrasing Mr. Mey.erson's
questions: Do we, in developed societies, recog-
nize the extraordinary shift in values that seems
to occur with economic maturity _. Have we
fully observed the hedonistic, play-oriented
public that serves as the base for our economy
of frivolous consumption, while the norms of
work and study represented by men such as
those at this conference retreat to a new kind
of monastic order, complete with long hours and
vows--or at least protestations of poverty and
of obedience to truth ._ What about the impli-
cations of some of the biological research, that
man may approximate immorality, perhaps sus-
pended in frozen storage until manmade viscera
can be substituted for the aging ones supplied
by nature? Not the technological implications
interest Mr. Meyerson, but those of allocation.
Who is to be saved, the living or the unborn ._
The privileged or the underdeveloped._ And
what is going to happen to our ethical principles
when we have immortality, or a reasonable ap-
proximation of it, to cope with _.
On the other hand, at the other extreme, what
is going to be the impact of the esthetics of
design, as the sense or motion that has always
stirred the imagination of designers leaves our
familiar atmosphere and concerns itself with
Outer space ? Obviously, streamlining and sim-
plicity will be replaced. But what with._ With
emphasis on the improvised and the disposable,
or a return to the reassurance of elaborate
detail _.
Stressing the importance of stretching our
knowledge of urban affairs, Meyerson finds that
at one and the same time we know more than
we do, checked as we are by problems of capi-
ta], manpower, and the political advantages of
the status quo, and we do more than we know,
drawing our very best students into the most
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specialized refinements, while the Russians and
the Japanese train theirs to cope with more
mundane but probably more crucial problems
of modern urban living.
The first commentator was Werner Hirsch
who, accepting individualism and the love affair
with the automobile as hallmarks of the Ameri-
can style and factors in our tendency to move
along and throw away waste rather than settle
down and cope with repairs, painted'a picture
of private underground transportation based
on new tunneling potentials and on battery-
electric automobiles, with resulting improve-
ments on the surface, both in the general en-
vironment and in the efficiency of land alloca-
tion. He also noted a blossoming interest in
culture among the public, and commented on
the chance that science-stimulated consumer
demand may make it actually harder in the
future for governments to bleed off enough
money to cope effectively with such problems as
education, crime, and juvenile delinquency.
Carl Stover then pointed out that technology
must relate to all of life. Therefore, our con-
cern must be not with what can be done but with
what is worth doing. If, as seems clear, tech-
nology has given us our cities, it has also ob-
viously given us their problems. To do better
we must have a reasoned analysis of what cities
ought to be. Otherwise technology becomes,
in his words, "abnormative." The main lesson
of the space effort, Stover says, is how to go
about a complex research job like ours. Some
fallout of applications should take place, but
we will make progress on the urban front when
we start with the problems that need solving
and not with the findings that need application.
No one would expect to reach the moon on the
spin-off from an urban research effort. Re-
quired is a greater willingness to guide tech-
nology than has thus far been shown.
General Draper and John Gunther then sug-
gested that, bad as cities may seem, people seem
to like them, and tim failure to solve their prob-
lems cannot be attributed to their current gov-
ernmental structure.
On these points most of the discussion of the
audience turned into a conflict of .differing
opinions.
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For me the conference has been most reward-
ing. An understandable concern has been ex-
pressed to find applications for research find-
ings in the routines of urban living and mu-
nicipal housekeeping. But a number of the
speakers have tackled the more comprehensive
problems head on. If, as Robert Solo sug-
gested, the city is not an effective organization
for applying the findings of science, I would
agree with Louis Fong tl%at some new organiza-
tional approach must be developed to help it
become one. The important contribution to
come from NASA research is not the fallout
from special studies, but the possibility of ap-
plying to modern, metropolitan complexity a
new and comprehensive research method. I
agree with Karl Wolf that the more powerful
the organization and the wider its scope, the
greater the chances of success. In the end, I
believe the concern will stretch so far beyond
municipal limits that the effective organization
for such research may well be the State, making
use of a regional framework that is at best
only suggested in our States at the present time.
If I may make one recommendation to the
permanent committee, it is that the initial stages
of so comprehensive a research effort take full
advantage of any special situation in which
many of the political, social, and economic vari-
ables can be reduced or even eliminated and the
operation thus made manageable. Rather than
start with a real pilot city, for example, I would
work first with the special communities to be
built overseas by the armed services or other
Government agencies, in which objectives would
be much the same but implementation problems
somewhat simplified. Indeed, I would take ad-
vantage of any such situation to explore sys-
tematically, for almost the first time, the bene-
fits that might result if one objective were to see
how much could be obtained under a charge to
minimize--or even to reduce---the level of tech-
nological complexity instead of ever-increasing
it.
Another area for first study, and one richly
deserving attention, is the outer fringe of the
major metropolitan areas, areas now rural or
open but statistically certain to be ground up as
the wave of urbanism reaches them in the next
decade or so. We at Cornell are deeply con-
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cerned with these areas because, although they
clearly will undergo the greatest change in land
use, ill valuation, in social organization, and in
political structure, and although cumulatively
they represent by far the largest area of urban
problem or opportunity, they are now the least
studied and have the least organization or re-
sources for study. In addition--and this is by
no means unimportant to a research man--by
virtue of the fact they do lie open at present
and that the threatened change has not yet oc-
curred, these areas are much more interesting
to university scholars. They offer the chance
of seeking useful insights without the compli-
cations and frustrations of dealing with an
actually existing urban body politic.
Finally, I am glad to note that one speaker,
Karl Wolf, dared to include the artist on his
team, for we tend to forget the towering impor-
tance of the abstract motivating forces of art.
Because they are intangible and hard to evalu-
ate, they tend to be omitted from our careful
calculations; but they are high motivations of
the urban citizen whom we hope to serve--
higher by far than even he usually recognizes
consciously. To illustrate: There is a city in
the United States that violates most of the first
use is chaotic; its streets come in patches of
gridiron fitted neither to themselves nor to their
topography; its "in-town" houses are usually
made of wood frame and are three- or four-
story walkups. Yet it is considered here and
abroad one of the most attractive cities in the
world. It is, of course, San Francisco.
Let me close by pointing out that conferences,
if they expect to aim high, are held in places
like Dunsmuir House.
Dr. William Pickering: I was concerned pri-
marily with the session entitled "What Scien-
tific Developments Will Affect the Transporta-
tion, Communication, Power Resources, and
Construction Industries in the Years Immedi-
ately Ahead_" It seemed to me that session
was indeed attempting to get to the heart of the
problem, because surely most of the problems
which we have been concerned with in this con-
ference deal with the evolution of technology
in the immediate past and the prospects in the
immediate future. Dr. Baker set the tone with
his discussion of the broad spectrum of tech-
nological development which we can expect, and
this will have effect on all forms of city life.
It is clear that science and technology will
continue to develop exponentially. This has
been the trend for the past hundred years or
so. There is absolutely no reason to believe the
trend will change. When we see the amounts
of money that are being put into research funds
these days, we can certainly be assured that
science and technology are indeed going to con-
tinue to develop very rapidly. Therefore,
civilization as a whole is in a very dynamic
phase. The effects of science and technology
are reaching into all parts of life, and we can
expect, then, changes which will follow with
the developments in science.
The elements of society and government
which can recognize and adapt themselves to
this dynamism will therefore be the ones best
fitted to survive in the future. Clearly, with
the rapidly changing world, we must recognize
that the status quo will change and we must be
prepared to accept this change. I think, as a
matter of fact, one of the interesting points that
was brought out by Dr. Hollomon is pertinent
here, namely that the growth of science and
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of our natural resources. From the older con-
cepts of land or mineral wealth as being our
prime natural resource, our most important raw
material is now becoming technical skills.
Fortunately, this is a raw material which can
be developed, and therefore the nation or the
region which develops these skilled personnel
will have the first requirement for success in the
future. Of cou..rse, the way in which the nation
or region uses these skills will determine its
success. It is not enough just to have the tech-
nical skills; they must be properly used.
If we look at the problem from the urban
point of view, scientific developments have re-
sulted in new types of industry and correspond-
ing changes in the requirements for and the
opportunities available to the work force. It
is quite clear that, particularly in some of the
more advanced technical industries, the nature
of the work force is completely different from
what it was a few years ago. Also, the chang-
ing patterus of physical development which
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have resulted from the developments in trans-
portation and communications are obviously
likewise affecting the urban situation.
It seems to me that existing urban centers
have largely evolved as a consequence of the
scientific and technological developments of the
19th century. The science aad technology of
the twentieth century are rapidly making
many features of these urban centers not only
obsolete but unnecessary. _Vhen I think about
the spuce program and its effect in these areas,
it seems to me that one of the most important
contributions of space--and this has been cam-
mented on by some of the other speakers a_d
panelists--is that it requires the engineering of
very large, complex systems. These large engi-
neering systems are developing new techniques
in mathematics and in engineering in order to
understand and to be able to control the systems
themselves. When we look at the problems of
urban life, we note that we are dealing with
very large, complex systems with numerous
feedback loops. And, as a_y engineer knows,
the large system with many feedback loops is
a very complex system to understand. It seems
to me that many of the tools which are being
developed for the space program will indeed
have applications in these areas.
In the light of this picture of teclmological
dynamics, I ask myself: What immediate pro-
gram does this suggest ? I think the most im-
portant one is to get real agreement on goals.
If a group of people--whether it is an urban
group, an industrial group, or any other--can
really understand what it is trying to do, then
the programs usually follow rather logicMly.
Dr. Samuel Silver: I would like to make some
observations in general with respect to the
things that have struck me during the
conference.
One of the points that I felt needed more
clarification is that we have to have more of an
analysis of the needs. What are these urban
problems to which we wish to direct ourselves,
and where do we wish to go and why ? The ques-
tion arises: Why the city ? The discussions
seem to have taken the city as something that
was a fact and would therefore remain forever.
This is a rather natural human instinct. But
the question is : Will science and technology and
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the other forces that we generate as we go along
really maintain the city as an institution in the
future? Is the city going to be the thing that
we have seen in the past 50 years or is the city
to be something entirely different? In fact,
what is it that makes a city, rather than a large
collection of villages, and what are the problems
that will be generated by the combination of
developing forces ?
In our cities there are many buildings that
contain nothing more than offices. They cer-
tainly have a function; they certainly do a great
deal of work. In those offices sit an enormous
number of secretaries. Now, I have not really
been able to understand why all these people
have to be collected in one place at any one time,
and why the method of operation has to proceed
on this corporate basis--I mean "corporate" in
the sense of bodies involved, rather than in a
financial or institutional sense. Perhaps we
could go back to the medieval situation and
have these various people do their rather routine
occupations in their own houses. The boss
could simply dictate letters and send them over
the telelype. I think we have to apply to the
question of the "city" some new thoughts, or at
least ask some questions about why it should go
on in the way it has gone on in the past.
A great deal has been said during the confer-
ence about research, about science and technol-
ogy, and these terms are always used in a sort
of embodied sense, as though science is an organ-
ized thing that is doing something to something
else which is organized. We should begin to
give some thought to the difference between
what I would call the substantive content of
science--the results of research--and the meth-
odology of research. One thing that a scien-
tist-and I am talking now about a scientist in
the pure sense--does not do is use a scientific
method in carrying out his own individual re-
search. It should not, therefore, be assumed
that the scientist has some power that will
enable him to approach an urban problem in
any better fashion than any other irrational
individual.
On the other hand universities can be awak-
ened to a sense of responsibility. All you have
to do is take the trouble to tell them what the
problem really is, rather than demand that they
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do something and accuse them of introversion
and introspection.
I would like to take my usual slap at the com-
puter and so-called systems theory. Not that I
deny the existence of computers; I wish I could !
And neither do I deny the importance of systems
theory. But one must remember that these
things are still devices, and that they are sub-
ject to the human machinations which lie be-
hind them and are subject also to the intents to
which they are to be put. As far as system anal-
ysis of society is concerned, it is a fine thing if
we do not go to the extreme---as is done in some
of the books and curricula on system theory--of
reducing society to a black box. It is black
enough as it is, and we should have a more hu-
man approach to the situation.
Another point current in the discussions was
that of ed_,cation. This is a rather favorite
word with everybody. We feel that we are go-
ing to solve juvenile delinquency by education;
we are going to solve traffic problems by educa-
tion; and so on. And yet no one has really asked
what we are talking about. What is the basis
for this education which is going to solve juve-
nile delinqflency ._ I want to point out that we
can give an excellent course on safe cracking
and on embezzlement. What we really must re-
establish is a base of values for our society; this
is an extremely important problem for the uni-
versity, for the city, and for a conference of
this sort and its followup phases.
Dr. Robert Wood: I share with my colleagues
a sense of dismay in trying to distill intb a
simple summary the complex bill of fare that
has been presented here. An additional inhibi-
tion is the fact that though I am listed as an
"economist," because M.I.T. still keeps social
sciences in the same department,.I am really a
political scientist. I spend most of my working
time studying and trying to understand the be-
havior of urban politicians, and more recently,
of scientists and engineers engaged in the space
enterprise. I work only in the basic--not the
applied--field, so that I am underfinanced and
my work is innocent, which gives me a particu-
lar kind of backdrop and compulsion to my as-
signment. My special charge here is to judge
this conference's contribution to our under-
standing of the impact of space R&D on
regional economic development.
I think, on the one hand, conferences can
come out where they began, with the same set
of self-fulfilling prophecies. When conferences
do that, they are unnecessary. They can, on the
other hand, expose--and sometimes brutally--
the fallaciousness of the proposition that gen-
erated the convocation. If they do that, it
seems to me we have to admit that they axe
failure_ And finally, they can reformulate the
first propositions by the impact of a set of coun-
tervailing hypotheses and propositions and
turn them into issues which are subject to future
work, to action programs, and to future em-
pirical testing. In that case, in my judgment,
a conference becomes a success. I place this
conference in that category, for what I think
we have witnessed is something like the
following.
The original set of four propositions, stated
briefly and crudely, were as follows: First,
that the space age really means the golden
promise of a new technology which will revital-
ize our urban communities and our industrial
complex; second, that at the heart of the space
age is the present program, that it is far more
than a man-on-the-moon task and that, indeed,
it is a major underpinning of a now sluggish
economy and a major st[-nulus for the reshap-
ing of urban communities; third, that, given
obvious and commonsense dissemination of in-
formation to industry and to the urban com-
munity, private industry can tap the promise
of the new technology, will generate a new mix
of products, and will find a new array of goods
eagerly awaited by consumers ; and fourth, that,
given the necessary investment of new facili-
ties by NASA and other sources, alert and
imaginative civic and political leaders in pro-
gressive communities will utilize both the new
investment and the new knowledge to revitalize
their economic, social, and political systems.
The counterpropositions throughout the ses-
sions came fast and hard. Congressman Miller
raised the issue of whether space-oriented R&D
met the most urgent needs that technology can
be expected to fulfill and raised those specters
of problems, mostly overseas; and he wondered
about the coupling. Dr. Gordon questioned
whether R&D itself could be looked upon as
providing the quantum jump for revitalizing
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and changing our economy. Dr. Wiesner in-
quired as to the sophistication with which we
now manage the R&D enterprise at the public
level. Dr. Kimball continued Dr. Wiesner's
excursion by asking, similarly, whether private
industry and university management were up
to the new task we provided for them. And,
finally, Dr. Hollomon spoke on the far more
fundamental revisions in economic character
as the kinds of real needs to be explored.
Against these countercharges and counter-
propositions, the panelists found themselves
singularly hard put for immediate details and
immediate answers. They found that the basis
of oral discussion and the dialectic did not pro-
vide us, at the close of this conference, with
simple answers. But, as searching as these
counterpropositions and these inquiries were, I
do not think they were destructive to the prop-
ositions with which we began. They made it
clear, I think, that these propositions are not
self-evident truths, but they did nothing
fundamentally to change the plausibility and
the defensibility of the conference.
The original four propositions can now be
reexamined. In place of the notion of a golden
age of space we have, as Dr. Picketing has
noted, a radical discontinuity in our society, a
set of changes that have come so fast and so
quickly that although they present opportu-
nities, they also present problems. In place of
a notion that the space effort, per se, can be at
the heart of our endeavor, it is far more plausi-
ble to consider the generality of a man-to-the-
moon mission ; what the space scientists are con-
cerned with is putting human beings in a new
environment. Then, surely, they must have to
learn more about the old environment and the
behavior of the human being in it.
In place of industry simply and automati-
cally tapping the results of new resources, we
have the propositions Mr. Homer has ex-
pounded-the problems of a subsidized indus-
try finding diversification in the changeover
from public mission into private consumer mis-
sions, and a set of problems that bring a set of
radical readjustments within industry and in
its communication with itself.
And, finally, we replace the notion that
growth can come through space R&D to any
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economic mix of any major metropolitan re-
gion, simply through the booster complex of the
chamber of commerce. A whole new set of
other forces are in being for those who would
engineer an urban turnabout for any commu-
nity. The humanities of public life, the living
conditions of scientists and engineers, the edu-
cational enterprise and capital of the commu-
nity, and the energy and alertness of its bu-
reaucracy become far more important factors
than the old formula of economic location that
recognized only markets, labor, and transpor-
tation as the focal points of the city. Cities
today are made and shaped not by the;market
place, not by the impersonal interactions of
gross physical and economic forces, but by pub-
lic policy. In short, what I think we have dis-
covered in our exploration of all four of out"
propositions is that science and technology have
done to the city what they have done to any
part of human endeavor they have touched.
They have freed us more and more from our
environment; they have given us more oppor-
tunity to manipulate it.
What immediate applications and what im-
mediate implications are offered by these re-
formulations of the propositions ? First, how-
ever we seek to make the coupling between
science R&D and the urban community and in-
dustry, it, will not happen naturally. Good
will and good intentions are not enough. Sec-
ond, the mechanisms of the coupling are crit-
ical to the transfer. The systematic analysis
and systems analysis with all of its problems,
involving particularly work in the life sciences
and the management of free enterprises, are
primarily the areas in which we have to work
today. As we find out more about political
and social systems, we may not find them as
tractable or as easily manipulated and changed
as they might appear to be on first inspection.
Third, I think the major implication of this
conference has been that the public sector of
our local economies will expand as a force in
our life. I share with Dr. Silver a sense of un-
comfortableness about how the university may
be changed and the radical readjustments re-
quired. But anyone in the academic: community
who expects to retain a version of the old uni-
versity is not de'aling with today's reality; he
is having a love affair with an academic ghost.
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And, finally, I think that the implications of
this conference present two special obligations
on the part of the participants. First, this con-
ference should accelerate NASA's search for
new ways to answer what industry and what
community should profit by their activities and
by their missions, and a search and a continua-
tion on their part for finding criteria that take
them far beyond the old days and old patterns
of government pork-barrel allocation for re-
gional locations. The second major implication
of this conference concerns the city of Oakland.
Whatever its citizens undertake in their con-
tinuing organization, whatever activities they
engage in to change the shape and form of Oak-
land, should not be done p_rochially or in the
spirit of a search for self-identity. It has to
be done within the entire metropolitan area of
which they are a part. Oakland may well be
the beginning of a pilot study for a coupling
of science and R&D into the urban community,
but it would be a shame if Oakland were the
only community within this area to profit.
And so, the conference to me has said that
work remains to be done, that reflection and
thinking are in order for those with a continu-
ing responsibility. Because work remains to
be done and reflection and thinking are in order,
I think the conference must be judged a success.
Dr. Louis Winnick: The sum of what everybody
has been thinking _and saying seems to me to
be this: the problem of our times is one of im-
balance and opportunity.
We have heard a great deal about the im-
balance. We heard about a serious and critical
imbalance in supply and demund of labor, with
a shortage of many types of skills---not only
those of the space age but also such mundane
things as stenographers--and a growing sur-
plus of nonskilled persons in this country.
There is an imbalance between the supply and
demaaad of technology. Dr. Kimball effectively
brought out the fact that technology has been
growing faster than our ability to make use of
it. We are not making sufficient demands on
our technological resources, partly because we
do not -know they are there, which is an imper-
fection in the market.
The third imbalance, which Congressman
Miller, Dr. Silver, and Dr. Wood all have al-
luded to, is an imbalance between our knowl-
edge and our wisdom. We do not know what
to do with our knowledge. We do not know
how to apply it to better our society. I am in
full accord with what Dr. Silver said in an-
other context; there is not an organism called
science which operates on another organism
called humanity in the urban areas. Instead,
there is a diffuse collection of groups of people
and subgroups of people. There are no ration-
ales to apply to the urban area.
Economists and political scientists can lay
down a physical program for metropolitan areas
that is infinitely more rational than any which
exists. We do not know how to apply this
rationality. I do not think I fully share Dr.
Wood's view--and this is an ancient argu-
ment-that public policy will shape the metro-
politan area. This again implies an entity that
acts on people. I think the process is quite the
other way around, and I think the public policy
and our political system are shaped by a larger
collection of blocs of people.
I am still an old-fashioned believer in New-
tonian mechanics with its axiom that where you
have imbalance you also have a potential for
change or movement, and these imbalances are
setting up movements. The imbalances of the
metropolitan areas are setting up new forces
which will operate in the future. One can only
say there is probably a law of the universe that
all new change brings with it a new set of im-
balances. This law of the universe, if it is such,
will probably be a continuing one.
GENERAL DISCUSSION
Congressman Jeffery Cohelan: I wonder if Mr.
Horner would elaborate on this business about
government contracts and how we can change
these contract relationships ?
Mr. Homer: I stated that our industry-gov-
ernment relationships still are too close to being
identical with those that were generated during
World War II. What we know today as the
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aerospace-electronics industry, which is pri-
marily involved in Government business and
largely involved in Government R&D busi-
ness, was then almost nonexistent. In order to
create this industry for the needs of World War
II, it was necessary to go a long way toward
providing facilities, providing risk capital, and
eliminating the risk from many of the manage-
ment decisions. The way most of the risk was
eliminated from management decision was by
creating a contracting structure which per-
mitted in overhead, or charged to tile burden
rate, substantially all of the company-sponsored
research and development program and the
bidding or proposal expenses.
In the past 20 years, there has been an evolu-
tion. Because of the difficulty of red tape and
the difficulty of acquiring government facilities,
most of the industry has gone largely to com-
pany facilities. They have found this is the
best way to spend what resources they could
generate themselves in order to retain or opti-
mize their competitive position. But the in-
dustry still operates almost entirely on indi-
rectly acquired Government funds in its own
company-sponsored research and development
and its own bidding expenses.
This has a major influence on the industry
decision-making process, because the manage-
ment, whether consciously or not, makes its de-
cisions as though it were spending somebody
else's money when it decides what programs it
is going to bid on and in what programs it is
going to invest its R&D resources.
This kind of arrangement is no longer nec-
essary. The industry is mature now. There is
no lack of capital. I believe a banker on one
of the panels mentioned that the financial world
stands ready to double its investment in the
industry if that is necessary, and certainly that
kind of investment is not at all necessary. The
industry averages--and I emphasize that this
is the industry that is doing business on a sort
of 90- to 100-percent basis with the Govern-
ment--the industry averages 4 percent of its
sales in its company-sponsored research and de-
velopment program and its company-sponsored
bidding expense or sales program. This has
created a situation that makes virtually im-
possible the use of an organization in commer-
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cial and industrial products or consumer prod-
ucts if it has the Government as its customer.
The two decision-making processes are entirely
different.
The system exists largely through inertia.
The industry would find it very difficult to take
the initiative in turning down the opportunity
of this kind of Government subsidy. As a mat-
ter of fact, individual companies could not pos-
sibly do it, and it would be very difficult for the
industry to raise enough confidence in Govern-
ment processes so that it could even suggest this,
because obviously there is accommodation in
Government-management procedures here.
Whenever the matter is discussed, there is al-
w.tys a question on industry's side as to whether
the Government management procedures would
be really changed to accommodate this new
method of doing business.
There is certainly adequate room in the statu-
tory limitations on fees to compensate for such
a change in management structure. A complete
accommodation is not necessary, because the in-
dividual companies would run much more ef-
ficiently and make sounder management deci-
sions if they in truth were managing their own
business with their own money.
There are many, many other facets to this
operation, and it is a fairly complex subject.
Stanley E. McCaffrey: The panel on which I
served as presiding officer developed informa-
tion and made seven points which in a way
synthesize the purpose of the conference.
The theme of the panel was : "Can New Space
and Scientific Technology Be Applied to Basic
Community Problems of Water Supply, Air
Pollution, Public Health and Safety, and Sani-
tation?" The answer was "Yes," and exam-
ples were given of scientific developments that
pertained to these problems. However, these
are not necessarily developments from NASA,
but from other scientific sources as well. Re-
lated to that there was an admonition that we
not expect too much, that we not oversell, which
seemed to be an important point as well.
Second, Louis Fong made the very important
point that there has to be a process of transla-
tion from these scientific developments to ap-
plication, which I think we have learned
throughout th_s conference.
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The third point was that there needs to be a
better compilation of the knowledge that is al-
ready available, much of which has been devel-
oped through the long years. This available
knowledge could be a rich source of information.
The fourth point was a suggestion that there
is a need for a center for research to compile
knowledge and develop new knowledge on ur-
ban problems.
Fifth, it was suggested that the problem could
be more a matter of political organization than
of application of these matters to urban affair_
Sixth, the question was asked: Can modern
computer technology be utilized in urban prob-
lems ? The answer to that was: Yes, it can be,
and on many specific matters, such as transpor-
tation planning, it is being used. But--and this
was the final and seventh point made in the
panel--when all is said and done, the computer
is only as good as the program which is fed
into it. This requires human judgment. In-
deed, in this whole question of thg application
of technology to urban problems, human judg-
ment perhaps is the most important factor of
all.
Question: Why shouldn't this area develop
and establish a true technical information cen-
ter, which incorporates the things we already
have in ASTIA and materials that are in the
university libraries, but which is fully organized
and equipped with modern indexing for rapid
search and retrieval ?
Dr. Piekering: Information retrieval is a key
problem in a great many areas of technology at
the present time. Nobody has a good solution,
really, to the problem of information retrieval
in a limited way--much less in the sense of pro-
viding information for the problems of a whole
area.
However, this is a field which is developing
very rapidly. Perhaps within a few years it
would make sense to talk about a centralized in-
formation retrieval center for an area. But
until this has been solved in a much more lim-
ited sense, I do not think you would gain a great
deal by trying to put in such a center at this
time.
The key to information storage and retrieval
is abstracting and indexing. Out of the great
mass of printed material which exists today,
how do you set up a sensible indexing and ab-
stracting service ? In limited areas this is being
developed. By "limited areas" I mean limited
segments of the technology. A great many ex-
periments are being conducted with computer
programing and the like, and I believe that
within a short time, the state of our knowledge
in this will be much better than it is today. In
order for it to be effective, these computer inputs
must be associated with published material, so
that the computer can have material to work
with. This is a process which will take place,
but I do not think we are ready for it yet.
Dr. Karl Wolf: The subject of "imbalance" was
raised by Dr. Winnick. Historically, there has
always been imbalance between knowledge and
available technology and its market. The per-
sonal papers of some of the inventors reveal that
they frequently had specific commercial appli-
cations in mind, but they were always ahead
of their time. Until about 1950 or 1955, we were
not so spoiled. We were saying : "Well, it takes
care of itself. The knowledge is there--and the
individual effort. If we leave it, it will find
some way into the economy by itself." The
truly revolutionary approach that we are trying
to take here is an ambitious one, to look sys-
tematically at the knowledge and technology
that is created and try to feed it back into the
economy.
I do not think we have the choice, so fre-
quently stated, between pursuing the NASA
program and combating juvenile delinquency.
The NASA program is, like defense, forced
upon us by foreign policy decisions. Looking
at it in this way, I think it is a great blessing
in disguise. It accunmlates knowledge that we
are trying to put back systematically. From
the NASA world and from the defense world,
which deal in physical hardware and physical
science, we are trying to make the link and put
another dimension on it. This dimension is a
socioeconomic one. This is where the oppor-
tunity that Dr. Winnick referred to lies.
Louis Kelso: Technology has for perhaps 300
years been the most disturbing force in civili-
zation. Man has never understood it. Man has
never been able, really, to cope with it. It dis-
turbs his perhaps half-million-year-old ethical
relationship with his environment. It changes
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the nature of his relationship to that environ-
ment. He is still reeling, as it were, from the
impact of it.
I believe the wonderful thing about the space
effort is that, with its acceleration a_ad its con-
spicuousness, it is forcing man to consider the
significance of technology to his life and to his
goals. In terms of economics--and I know eco-
nomics traditionally has a rather 10w position
in the minds of most men--I consider it one of
the most important things in life, not because
it relates to the mind or spirit of man, but be-
cause man is first an animal and secondly a
mind and spirit. It is only as he solves his
economic problems that he can begin to live a
civilized life and really function as a mind and
a spirit.
To tie the problem down very closely, I be-
lieve that technology is a process by which man
harnesses nature in the economic order to make
it work for him, and he has gone a very long
way. I am sure he will go a great deal further
in the next, few decades. No longer can we cling
to the ancient myth, which had a great ethical
significance, that man is the only producer of
wealth. The nonhuman slaves brought forth
by technology are today our chief producel_d of
wealth. Just as in our early struggles with the
idea of political democracy and individual free-
dom we sought to protect the property--if you
will--of man ill his labor power, technology
now forces us to consider the concept of prop-
erty in the nonhuman factor of production.
I believe that it is in this property relation-
ship that social policy can be effective; that
diffusion of power--that is, economic power
diffused throughout the citizenry---can be coun-
terbalanced by centralized political power.
Thus, in the end, this ar_lment points to the
deficiency of our techniques of finance, tech-
niques which do not deliberately and systemati-
cally create a growing private ownership of the
external means of production. In our failure
to do this, we are creating an economy the prod-
uct of which must be redistributed by govern-
ment. In the course of t'hat redistribution, we
_tre destroying our morality, our initiative, our
sense of order and rationality about the life
around us. I believe that nothing more useful
could come out of this accelerated technology
than to force the scientist and the executive to
step in and find out what the system is in the
economic order. It has been talked about for
centuries, but in fact it is not a system as pres-
ently understood; it is simply a patchwork of
makeshift expedients. This, to me, would begin
to pave the way for the tremendous space effort
and other things that may be comparable in the
decades to come. We could carry the benefits
of technology to the 77 million people of the
United States who live in privation or poverty,
and to the 80 or 85 percent of the world's popu-
lation who live in preindustrial poverty. Since
we can do it, I think we must do it.
Dr. Pickering: I would like to comment, par-
ticularly on Dr. Wolf's comments. I think Dr.
Winnick's "imbalance" was primarily between
knowledge and wisdom. We are arriving at
the stage where technologically we can do some
rather fantastic things to our environment,
whether this is _tting off an atomic bomb, con-
trolling the weather, or spreading DDT over a
large area. There are many things we can do
to our environment which are irreversible, and
I think that as time goes on, we alve going to find
increasing cases where it is essential that the
application of technology be done with wisdom.
I would like to emphasize the necessity for wis-
dom in considering the application of
knowledge.
Dr. Edward T. Gre÷her: An interesting experi-
ment is just beginning among certain American
corporations in reaction to the same problems
we have here--that is, the rapid increases in
technological change, precision of analysis, and
so on, that have created problems for many firms
in private sectors.
Twenty-nine of these firms were pulled to-
gether by Tom MeCabe, the chairman of the
board of Scott Paper. Each firm put up, I
think, $20,000 a year for 5 years. They want
to start first at the grass roots in a most aca-
demic way and consider conceptualization, the-
ory, ideas of a very basic sort, with the hope that
they can find ways of channeling some of the
developments in science and engineering into the
operation of these enterprises.
This group might have some significance as
a pilot model. They will have a small research
staff as a center. From that small research staff,
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they will reach into the research staffs of the
corporations to get their cooperation. The cen-
tral research staff becomes a kind of coordinat-
ing group, but they will be doing the primary
and basic work. Also, they expect to reach into
the universities. They are going to have some
funds to make some grants.
The point is that this is a planned organiza-
tion to meet a problem, and it is the same prob-
lem, I think, that cities have. These business
firms are finding themselves lagging in applica-
tions of technology, and also they have problems
created by the rapid development of science and
technology. This is a very new experimental
way of trying to cope with this problem.
Dr. Eugene Lee: Dean Kelly has said that we
need to concern ourselves with adapting gov-
ernmental and political institutions to take ad-
_n.nt_a_,_ of scientific technolog T. I wonder if
he would expand on that a bit and if Dr. Wood
would then comment.
Dr. Kelly: We are talking constantly about
applying science and technology to a series of
problems which are not only different in scale,
but probably different in kind from the ones we
usually cope with. It is not normal, even in the
NASA program, to have as an objective the
objective of not having an objective. In many
aspects of society an important principle is that
of leaving open ended many of the issues we
face--to allow freedom for later changes in de-
cisions. This is true not only in education,
where it is obvious--I would take it any one of
us dealing with education would assume that
the young men we teach are going to throw out
the system we have set up to teach them--but it
is also true in our society generally. We need
to set up mechanisms, not only physically,'but
socially and politically as well, which permit
people to differ with us, to differ among them-
selves, to decide to do things in completely dif-
ferent ways from the ways we would do them.
This is not an easy task for science and tech-
nology--even science and technology based as
broadly as in NASA programs. Perhaps if we
recognized the fact that. we are making de-
cisions in this area and that there is something
to be learned about the decision process and
systems analysis approaches, we might be able
to work into political organizations a mecha-
nism that would at least comment on and advise
on the way the present system copes with these
problems, and might from time to time work
in some rational improvements.
Dr. Wood: I remember a speech given in
another context by James Webb at the Ameri-
can Political Science Association in St. Louis a
couple of years ago. Mr. Webb had just as-
sumed the headship of NASA at that time. In
describing the program_ he questioned whether
it was useful either in theory or practice to talk
in entity terms of the American corporation or
of the government agency as great organizing
institutions that function in our American so-
ciety. He discussed the kinds of close relation-
ships between private and public sectors that
now exist in space and defense business, and the
difficulty of pinpointing decision-making there.
I think we are in about the same situation
with metropolitan areas now. That generation
of political scientists of which I was a part in
the 1950's moved restlessly to the fore and said
"Metropolitan government or bust !'--we
busted! I think the notion of formal institu-
tional reform was a case of trying to design
facilities before we had basic knowledge of the
behavior patterns of the people we dealt with.
I am impressed by how far you can get in the
metropolitan area, once you have followed Mr.
Webb's space and defense analogy. If you
ask yourself why a missile does or does not go
up at Canaveral, and you try to pinpoint re-
sponsibility among the many industrial con-
cerns and laboratories, you find it an enor-
mously difficult system to analyze or to describe.
The same kind of thing, I think, is happening
in the metropolitan areas. What is beginning
to develop now by couplings and by linkings is
a series of halfway houses. There is developing
an embryonic political system, one that has to
develop before the structures and the institu-
tions appear. I am impressed by the way this
system in many metropolitan areas has de-
veloped in the last 10 years---councils of the
local officials, the establishment of centers of
research, and the extension of the 701 program.
It is this kind of embryonic, evolutionary pat-
tern that :is the most logical. Such a system
fits well with what we understand about sys-
tems analysis and research.
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I am not sure we will ever be able to recog-
nize it formally. I am not sure it will look neat
and tidy to an organization and management
examiner. I am not sure it will come fast
enough to be able to absorb the technology we
have to deal with, but I am not a pessimist _bout
the way metropolitan areas are now beginning
to move.
Dr. Richard H. Brenneman: I believe we have a
resource at this session we have not heard from,
and that is the industrialist. We talk about
and hear about this "imbalance" and about the
fact that we have more technology than we are
using. Meanwhile, we have technological un-
employment and the need for economic stimula-
tion. We learn, too, about how well agricul-
ture has done with its extension of technology.
Are the industrialists persuaded that there is
a greater need for the application of technology
than we find extant ? How is industry trying
to achieve this application to the urban situa-
tion? If they are persuaded .about this par-
ticular problem, what methods do the indus-
trialists propose to accomplish this transfer?
Mr. Homer: It seems to me that we have an
interdisciplinary group at this conference for a
reason. Dean Kelly has suggested that, if we
are going to apply this technology to a sample
or laboratory urban situation, perhaps we
should try to do it in a controlled environment,
such as in a foreign tlmater. I certainly recog-
nize his motivation, but I question whether that
really meets the problem.
Reduced to an analogy which I can under-
stand, it is somewhat like an airplane design
problem in which only aerodyn'amics is con-
sidered and no attention is paid to propulsion,
structure, or function ; and although it is a very
interesting "sophomore design problem," when
you get all through it is not very useful.
We have to face up to these social engineering
problems. We have to develop confidence in the
understanding of the disciplines in which we are
not expert and recognize the interweaving of
these disciplinary problems, if we are going to
be successful in applying the technology.
There are many, many opportunities for ap-
plication of technology with which we are all
familiar, but which we continuously back away
from because of building codes, because of gov-
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ernment regulation, because of imagined or real
nonacceptance by sectors in our society. We
really can solve this problem only by the inter-
disciplinary approach.
Dr. Kelly: I could not agree more. I did not
mean to imply that a limited example would
be sufficient, but to suggest that we start in
this way. It is extremely difficult to start at
the full scale with all the problems involved,
and certainly it is going to be hard enough to
start even in a limited way.
We have found every time we have studied
cities, or even narrow areas such as the housing
industry, that while it is very easy to say we
could make rapid progress if external restric-
tions could be eliminated, it is difficult to con-
vince people that this is true. One reason for
setting up a study is not so much to prove the
facts which you suspected, but rather to make a
real demonstration that must be clear to the
public at large, to the legislators involved, and
so on.
Continuing my illustration of an overseas de-
velopment, here is the opportunity for an in-
dustrial complex to put together not only the
structure of the shell, but also the supply and
design of the utilities--the location, supply, and
creation of the facilities in general--and to do
this in such a way as to demonstrate whether
there is or is not any truth in the proposition
that a comprehensive, intelligent, industrial ap-
proach to this problem can really make sub-
stantial savings over what we now regard as a
relatively inhibited and antiquated system of
production. I think most of us will agree with
the conclusion that it has not been demonstrated.
It has to be demonstrated in some way in order
to generate the kind of public support and un-
derstanding that will make it possible for us
to deal with the external restrictions.
Gen. Putt: I don't think there is any question
that industry would rise to the occasion and
that it has almost unlimited capacity to apply
technology to many things. I think the prob-
lem is one of creation of the demand, of educa-
tion of the consumer, so that when industry
produces and markets whatever items it has, the
venture will be profitable. Profitability is a
really important factor, and I do not believe
there is any limitation on what industry can do.
SUMYM.ARYSEMINAR G 225
True, some of our productive means are an-
tiquated, and science and technology could tell
us a lot about better ways of producing things;
but I think the really important thing here is
the creation of the demand.
Dr. John J. Grebe: The great contribution that
the whole space program may make---and it
will be fallout, not planned, not directed, not
guided--is the philosophy of the freedom to
fail, to make certain experiments that are not
going to succeed. We have become so conserva-
tive that we have depended on other nations,
generally the Europeans, to put across our new
inventions before we will accept them. One
example is the hover craft that was developed
in this country. It, was pushed and driven into
people's consciousness by various techniques,
but nobody paid any attention. The British
have built one and have been running it across
the English Channel now for more than a year
on a schedule of four trips a day, and it has
never been late by more than 5 minutes. Think
of what this would mean in the San Francisco
Bay area--a hover craft going faster than a
helicopter, coming from one big parking area,
over land, over streets if necessary, to another
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APPENDIX C
ANALYTICAL SUMMARY OF THE CONFERENCE
This Analytical Summary of the Conference was prepared by Stanford
Research Institute, Menlo Park, California, at the request of NASA. The
objectives were to distill the conference proceedings and to suggest possible
action programs for consideration by the Continuing Committee.
The summary was prepared by:
Dr. Robert K. Arnold
Dr. Raffaele F. Muraz_
Dr. Carl F. Stover
A. INTRODUCTION
The D'_smuir House Conference o_n Space. Science, and Urban Life
focused on the problems of applying the results of space science and technology
in efforts to resolve problems of urban communitie_ Its objective was to
stimulate thought and action with respect to such questions as these:
Canthe gains in knowledgeand techniquesassociatedwit_ the space program be utilized productively
Co improve the quality of urban life?
\Y/hat specific opportunities exist for applying He results_ space researchand development in urban
aff,,;rs?
What obstacles impede He use of new technical capabillties in meeting the needs of urban pop--
lotions?
What technical, political, economic, and social conditions ore most conducive to the transfer of
scientific and technical developments?
The Conference brought together a distinguished national group of scien-
tists_ engineers, authorities on urban affairs, business leaders, and public officials.
The record of their deliberations suggests opportunities for using advanced
technologies related to the space program in the analysis and resolution of
urban problems.
The principal contribution of the Conference was, however_ the identifica-
tion of a number of difficult basic issues that must be dealt with in any effort
to take advantage of opportunities of this kind. Clearly, the Conference pro-
vided a worthwhile beginning in the consideration of a matter of great com-
plexity; but a long analytical process and difficult decisions lie ahead.
At the conclusion of the Conference, a local Continuing Committee on
Spare, Science, and Urban Life was formed by leaders in the Bay Area and
the Conference sponsors---the National Aeronautics and Space Administration,
the Ford Foundation, the University of California, and the City of Oakland.
Its purpose is to carry forward the work begun at the Conference, looking
toward the development of programs that will achieve concrete results. To
assist this Committee, Stanford Research Institute has been asked to analyze
the Conference record and to prepare the following agenda of action items for
the Continuing Committee.
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B.AGENDAFORTHECONTINUINGCOMMITTEE
The Institute recommends that the Continuing Committee's agenda be:
I. InitialPolicyDecisions:
a. Identification and critical examination of the basic assumptions and
problems underlying the attempt to transfer advanced technologies from the
space program and related activities to the resolution of urban problems, both
generally and in the Bay Area;
b. Determination of the implications of these assumptions and problems
for the program of the Continuing Committee;
c. Setting of objectives for the Committee's work;
d. Organization and financing.
2. ProgramOpporfunifies:
a. Sponsorship of systematic investigations of problems having strategic
importance in the effort to use advanced technologies in meeting urban needs;
b. Implementation of experimental and demonstration programs involving
the application of the results of research and development to particular urban
problems;
c. Sponsorship of educational programs related to its other activities and
to the general problem of using advanced technologies to improve urban life.
C. INITIALPOLICYDECISIONS
1. Is transferability a ]_igh-priorlty problem? Fundamental to the Con-
ference and the work of the Continuing Committee is the assumption that high
priority should be given to efforts to foster the transfer of advanced technologies
to applications in urban areas. Such efforts involve the allocation of ,scarce
human, organizational, and physical resources. This assumption should there-
fore not be made lightly, without some test of its validity. No shortcut or
direct method of testing this assumption is apparent; its validation must involve
experiment and experience. Although the Committee may not choose to under-
take experimental validation itself, it should remain aware of experimentation
undertaken elsewhere and should regularly review the implications of its own
experience for the validity of this assumption.
2. In the attempt to foster transferability, should particular emphasis be
placed on space science? Closely related to the preceding question is the propo-
sition that the effort to foster the application of space technology as such to
urban problems deserves high priority. The Committee should carefully con-
sider the advantages and disadvantages of approaching the transferability
problem in this more limited context. Economies of scale in such ma,tters as
the dissemination of scientific and technical information, and the self-evident
value of having the widest possible range of scientific and technical capacity to
draw upon, may well dictate a more general approach. On the other hand, the
magnitude and frontier nature of the space efforts, and the benefits to be gained
by drawing on the results of NASA's varied efforts to discover alternative uses
for the results of space research and development, may argue for a narrower
focus, initially at least.
3. What is the appropriate allocation of effort between the two methods of
approaching the transferability problem? Identifying the most effective gen-
eral approach to the transferability problem is another basic concern. One
approach suggested at several points during the Conference is that the effort
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should begin with the identification and analysis of critical urban problems.
Available scientific and teclmical information and functional capacities should
then be assessed to determine their usefulness in dealing with these problems.
The alternative approach_ also suggested_ calls for focusing first on recent scien-
tific and technical advances and moving from there to the identification of
possible applications in the urban community. Although these two approaches
are not mutually exclusive_ the Committee will need to consider their relative
merit in allocating its efforts between them.
4. What is the Gom_ittee_s proper role in relation to other activities .foster-
ing urban development in the Bay Area and in the Nation? The concern of
the Continuing Committee with efforts to employ advanced technologies in
meeting the needs of urban communities places its work in the general context
of urban development. It should therefore consider its relationships with
other public and private research and action organizations having similar con-
cerns. In order to maximize its contribution and avoid needless effort_ the
Committee should carefully identify the unique contributions it can make. In
seeking to bring advanced technologies to bear more effectively on urban prob-
lems_ the Committee should take advantage of programs of other groups.
Because the Committee is centered in the Bay Area_ it must also determine
the extent to which it should seek forn_al relationships with such regional urban
groups as the Bay Area Council and the Association of Bay Area Governments.
Such alliances could conceivably strengthen all of the groups and facilitate the
Committee's efforts to undertake particular study and action programs.
In this contex% the Committee must consider possible organizational and
financial arrangements whereby it might undertake more specific activities
related to its primary mission. It must determine the extent to which it will
function as a whole_ or through subcommittees possibly involving other are_
leaders. It must decide whether it will undertake major activities in its own
right, or work principally as a catalyst encouraging other organizations to
embark on specific projects. It must identify potential sources of financial




On the assumption that the Committee chooses to help sponsor specific
studies_ these are some of the possibilities identified in the Conference:
a. Identification of specific technological solutions. One unique character-
istic of this Conference was its stress on the identification of technological
solutions to urban problem_ As a number of participants pointed out_ many
problems of urban life require thought and action of a nontechnical nature.
There may nevertheless be_ as the Conference suggested_ many significant and
neglected technical opportunities. The Conference pointed up the importance
of searching out those aspects of problems potentially susceptible to technologi-
cal resolution and of systematically developing techniques for dealing with
them.
The Continuing Committee could explore these possibilities by sponsoring
studies directed to the identification of specific technological advances critical
in the alleviation of urban difficulties. These studies should include not only
those problems in which technology is assumed to be vital (such as air and water
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pollution), but also those not normally considered teclmological in nature (such
as problems of racial minorities and of the aged). Studies of this nature are
likely to profit from multidisciplinary analysis; small working conferences of
experts from various fields at Dunsmuir House may therefore contribute to their
progress.
A potentially fruitful variation on this approach would be the sponsorship
of studies on the relative advantages of alternative technological solutions to
the same problem. For instance, if a "package sewage treatment plant" for the
individual household could be developed, would it be preferable to further
refinement of general community sewage collection and treatment systems?
b. Approaches to integrated sohttions. In many Conference discussions,
references were made to the importance of approaching urban problems in the
context of the total ecology of urban areas. This seems especially important
in programs using advanced technologies and requiring substantial investment
of scarce resources and producing widespread secondary effects. Many ad-
vanced technologies are economically feasible only when introduced over a large
geographical area or a large range of activities. To understand what is being
changed is desirable before introducing any social or technological innovation.
The foregoing considerations argue for the analysis of the total urban
system. The systems engineering approach appears to hold promise as a means
for meeting this need. Although it has been employed in the analysis and
resolution of urban problems in specific instances, it has not had general appli-
cations. No thorough analysis yet exists of the peculiar problems associated
with the application of systems engineering to urban problems. Sound use
of new technologies in urban areas may require additional attention to refine-
ment of this facilitative technique.
The Continuing Committee might contribute to this end by convening at
I)unsmuir House a small working conference of experts on systems engineering
and experts on urban problems. Basing its deliberations on carefully prepared
background papers, this conference should try to assess what contributions
systems engineering can make and to identify aspects requiring further study.
Such a conference can produce a set of recommendations for research and
experimentation. Some of these the Continuing Committeo might then choose
to pursue. These recommendations, together with the background papers and
a summary of conference discussions, might also make a worthwhile publication.
c. Diversification of Bay Area capabilities. The Conference underscored
the fact that space-related industries have a key role in the Bay Area economy.
Future economic growth depends on the effective utilization of the functional
capacities associated with these industries, not only to meet the demands of
the space program, but for other purposes as well. The possibility of deliberate
efforts to achieve greater geographical dispersion of Government contracting
for space activities adds urgency to this consideration. Diversification is
essential to insure long-term economic well-being.
In the context of its general concern with the welfare of the Bay Area,
the Continuing Committee could appropriately turn its attention to the problem
of diversification, and seek to investigate, on a regional basis, ways to enhance
this diversification. Another possibility is a study of various methods for
disseminating scientific and technical information as to their effectiveness in
encouraging diversification. For example, it would be useful to understand
better the general pattern of communication of this kind of information in
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the local industrial community, and to relate the effectiveness of local or regional
programs, as against national programs_ to improve the communication process
and its content.
d. Goals and values in urban innovation. Another subject arising often
during the Conference is the matter of goals and values in urban life. For
technology to yield a better urban life, some knowledge of what would consti-
tute a better life is clearly necessary. If humane purposes are to guide tech-
nological development_ these purposes need to be known.
No final settlement of these questions is ever likely; but the opporttmities
and hazards attendant upon the use of modern technology make it important
to be as precise as possible about them. The responsibility for deliberating
and making judgments about such matters resides ultimately with the com-
munity's citizens_ and it is to them that we must eventually turn. However_
because citizens may not have these judgments consciously in mind or clesxly
formulated_ special efforts may be necessary to discover what their present
judgments are and encourage and co_ribute to further thought about them.
The Continuing Committee might undertake studies of what the citizens
of the Bay Area actually want in their cities, and of means whereby they can
participate more actively and effectively in the continuing process of identify-
ing and refining community go_is. Sucl_ an undertaking might contribute
significantly to the Committee's efforts to set priorities for research and experi-
mentation in the application of advanced technologies to urban problem_
2. Experimental and Demonstration Programs
The Conference record refers to a number of specific possibilities for the
application of the results of space research and development to urban problems.
References to these possibilities appear in the Analytical and Subject Index
(appendix D). The Continuing Committee might choose from among these
possibilities in undertaking exporimental or demonstration projects_
The Conference did not provide occasion for close analysis of these possi-
bilities. Many appear only as illustrations in the context of general expositions
on the importance and profitability of seeking out opportunities for technologi-
cal transfer. The Committee should therefore proceed cautiously in pursuing
any particular project, first thoroughly analyzing its feasibility.
Before undertaking any experimental or demonstration project_ the Com-
mittee should investigate the extent to which the technology in question is in
operational use. For example, at least one California city keeps all of its opera-
tional records_ from police arrests to school gradee, in computer storage_ The
experience of this city_ or of others with even more completely automated record
storage and retrieval_ might meet the need for experiment or demonstration of
the advantages and disadvantages of using computers for urban recordkesping.
The Committee may be able to work with other groups carrying on pilot
or demonstration projects. Several homemaking magazines_ for example,
periodically sponsor demonstration homes. They might cooperate with the
Committee in making one such'home a demonstration of the application of space
technology to the building industry.
In some instances, the Committee may be able to catalyze sponsorship of
pilot or demonstration projects by other groups. Technical societies or indus-
trial associations might sponsor_ for example, a pilot suburb involving such
novelties as underground vehicular traffic, integrated closed-circuit communica-
tion, broadcasting_ and meter reading, and application of spar_age technologies
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to water and air purification and sewage waste disposal. Such a pilot suburb
might well be part of some future "World's Fair."
3. Educational Programs
General open conferences of the size and style of the Dunsmuir Conference
are of strategic value in focusing attention and galvanizing action. The Duns-
muir Conference itself had this value, among others. However, the Continuing
Committee should not assume that general open conferences are always a good
thing. Too many can vitiate their strategic value for turning stalemate into
progress at a critical point. Before recommending any such general open con-
ference_ therefore, the Continuing Committee will do well to assess with care
its probable benefits.
Small informal working conferences among experts have quite a different
value. The preceding paragraphs contain several specific suggestions for such
conferences. Where solution of problems involves collaboration in two or more
technical fields, and particularly where these fields have few existing dire_t
channels of intercommunication, such a conference can serve both as a means of
approach to solution of specific problems and as a means of developing channels
and language for further intercommunication. The criteria for the format of
such a conference include:
(a) That it be small, involving no more people (say 25) than can comfortably participate in a
single discussion;
(b) That it be closed, involving only experts individually selected for their competence in dealing
with the problem under discussion;
(c) That it be informal, rather than giving the participants the feeling that they are speaking for
publication;
(d) That it be working, directed toward solution of problems delineated specifically and concretely
beforehand;
In this as well as in other aspects of the Committee's action on its agenda,
it will do well before calling even such working conferences, to make sure that
someone else is not doing or could not do substantially the same task. Resource
papers, embodying results of prior study in individual disciplinary areas, can
expedite the work of such a. conference.
In addition to conferences, the Continuing Committee may consider other
approaches to diffusion of information about application of technology to urban
problems. Under its sponsorship, for example, Dunsmuir House might serve
either as an information center on space, science, and urban life, or as a "display
case" for popular presentation of the possibilities for technological innovation
in urban life. The advisability of any of these approaches depends on the
policy decisions which the Committee must initially make and continually
review.
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retrieval, 116, 120
retrieval systems and centers, 221
role of university in, 213
security as a barrier, 212
transfer by sabbatical leave, 79
volume of scientific publications, 75
Initiative, individual, 197
Insecticides, 47
Instruments, electronic, in science, 30
International Society of General Semantics, 82
International trade competition, 74
James, William, quoted, 74
Japan, technology, 46, 74, 85, 108, 177
Jastrow, Robert, 97
Jefferson, Thomas, 200
Jet engine, 77, 84
Jet travel, 2
Johnson, Earl D., discussion, 156, 204, 205, 206, 208
Joint Center for Urban Studies, 175
SVm-ECr m-Dzx 247
Kansas, 95
Kaufman, Warren J., presentation 138 ; discussion, 139
Keeney, B. C., quoted, 48
Kelly, Burnham, presentation, 213; discussion, 223, 224
Kelso, Louis O., discussion, 171, 201, 207, 208, 221
Kennedy, John F., 55, 90, 91, 95, llO, 201, 207
Kerr, Clark, 93
Killian, James R., 68, 111
Kimball, Charles N., 151, 161, 168, 218, 219 ; presenta-
tion, 73; discussion, 79
Kindelberger, "Dutch", 193
Knowland, William F., 83
Konecci, E. B., 145, 157
Korea, 205
War, effect on employment, 60
Labor force
composition in aerospace industry, 198, 204





Lacklen, Robe_ J.,di_ussion, 295, 206, 208
Land, Edwin, 77, 79
Lange, Harry R., 51
Langley Research Center, 148
Lasers, 132
Lawrence, E. 0., 49
Lee, Eugene C., 223 ;discussion, 186
Leisure, 177
Libby, Willard F., 112, 213 ; presentation 166; discus-
sion, 170
Library of Congress, 153
Life
processes, basic research, 131




Linsky, B., discussion, 82, 138, 139, 141, 154
Local Continuing Committee
see Committee, Local Continuing
Long Beach City College, 198
Los Angeles, 182, 189
smog in, 138
Lowrey, H. D., discussion, 208
Lunik, 33
see also Satellites, earth
MacCall, L. A., 108
Maisel, S. J., discussion, 124
Man-machine, 145, 154
Man-system, 145
Manned Spacecraft Center, 148
Mariner, 21, 33, 36
Mars, exploration of, 11, 21
Mars, life on, 35
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Marshall Space Flight Center, 73
Massachusetts Institute of Technology, 152,175
Materials
for construction, 120
and crystal physics, 113
and engineers, 29
fire resistant, 121
new horizons in, 113
and rockets, 30
Matthias, B. T., 113
McCabe, Thomas, 222
McCaffrey, S. E., chairman, Seminar B; 127, 220;
discussion, 188
McIntosh, MaJ. B. B., presentation, 145 ; discussion, 153




Meier, Richard, quoted, 176
Mellon Institute, 169
Mercury, NASA program_ 6, 13
Methodology, 81, 135, 149
of research, 216




Midwestern states, 95, 119
Federal R&D expenditures in, 75
Midwest Research Institute, participation in NASA
Industrial Applications Program, 5, 73, 118
Military technical revolution, 67
Miller, George P., 89, 96, 115, 217, 219 ; presentation, 45
Minerai synthesis, 112
Mobility as an American style, 180




Apollo flight to, 6





Moroney, M. J., 182
Morrish, K. B., chairman, Seminar A ; discussion, 125
Morse, Richard, 77, 79
Morse, Samuel B., 114
Motivation in professional workers, 200
Mueller, Peter K., discussion, 142
Mullenbach, Philip, 111
Mumford, Lewis, quoted, 1, 118, 183
Municipal Manpower Gommission, 116, 185
Muraca, R. F., presentation, 119 ; discussion, 124, 125
Myers, S., discussion, 64, 124
NACA, policies, 165
National Research Corporation, 77
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NASA
budgets, 5, 29
contracts to California, 29
objectives, origin, growth, 5
recognition of value of programs, 164
scientific manpower in, 205




planetary, and sterilization, 36
NASA Industrial Applications Program, 8, 116
Indiana University participation, 9
Midwest Research Institute participation, 8
possibility of Oakland's participation, 9
role of research institutes, 78
University of California, Berkeley, participation, 8, 9
university participation, 8, 9, 80
use of computers in, 9
NASA, Office of Advanced Research and Technology, 6
NASA, Office of Applications, 153
NASA, Office of Space Sciences, 6
NASA programs for
biosciences, flight, 41
geophysics and astronomy, 39
reduction of time in technology utilization, 141
research
on algae, 136
on waste conversion, 136
on safety, 136
on absorptive coatings, 136
schools, space science courses, 170
science, 6
space sciences, summary, 37
technology dissemination, 76
Nash, J. P., presentation, 167; discussion, 169




National Science Foundation, 86
Navaho, cancellation, 206
Navigation, see Transit satellite
Negroes






Newell, Homer E., presentation, 29
New York City, 124, 125, 135, 176, 186, 188
Nieberding, J., 106
Nimbus, 22
see also Satellites, weather
Noise, 147, 181
North American Aviation, Inc., 194
North Platte River, 140
Novick, David, quoted, 182
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and civilian science, 109
generation, 110, 117
and systems analysis, 111
reactors, 30




as NASA first Slmce-age city, 3
NASA Industrial Applications Program, possibility
of participation in, 9
as pilot organization for urban technology utiliza-
tion, 137
police and fire departments, 2
study group for future resources, 70, 141, 142
subway and transit systems, 2
Observato.-_.cs
see Satellites, observatory
Office of Technical Services, 76
Onnes, Kammerlingh, 113
Orientation, work and play in a new technology, 177
Ownership as an American style, 180
Ownership, diffusion enhances productivity, 222
Packard, David, 77
Patents
as Hmiters of information transfer, 212
number of, 117
as obstacles to technology dissemination, 77
role in technology dissemination, 87
Pennsylvania, 95
PERT, 111, 116, 119
Photography of moon, 16
Pickering, _V. H., 97, 218, 221, 222; presentation, 215
Pierce, John, 105
Pioneer, 32
see also Satellites, earth
Pittsburgh, 10, 140
scientific advisory committee, 169
Pitzer, Kenneth, 73, discussion, 205; quoted, 89, 96
Planning
for communications, 77
for technology utilization, 212
urban, Utopian thought for, 187
Polaroid Corporation, 77






of urban area influenced by aerospace industry, 197
Power generation, 108, 182
effect on municipal administration, 176
SUm-ZCT m_Dv.X 249
Power resources, 110
see also Nuclear power
Printing industry, 117, 120
Process control with computers, 107
Product control and mechanization, 108
Productivity, 64
of agriculture, 84
enhanced by diffusion of ownership, 222
now in excess of demand, 171, 172
of labor force, 55
and personal income, 84
rate of increase, 55
relation of capital to, 203
requires worker reeducation, 84
and U.S. economy, 83
of various nations, 84
Progress
expectations for, 175
of humanity and warfare, 203
science and materials, 111
Protestant Reformation, 176
Psychophysiology, 146, 148,
Pursel, Kent D., Chairman Seminar
Putt_ G_n. Donald L.. presentation, 211 ; discussion, 224
Racial discrimination in employment, 59
Radiation, 146




Rathert, George A., Jr., presentation, 151; discussion,
156
Refuse disposal, see Disposal, refuse
Relay, 23
_ee a_o Satellites, communication
Rendezvous, 18
Research
cost of basic and applied, 69
cost comparisons of U.S. and England, 74
directed, 161
differentiation, basic and R&D, 65
industrial; role of university, 151
influences culture, 182
managed, and technology utilization, 74
medical, 45
methodology, 216
role of individuals in, 69
team work, 67
use of systems analysis in, 124
see also NASA, programs
Research, applied, 69, 133
chemonuciear reactor for air pollution control, 133
cryogenics for waste separation, 133
foam fractionation for sewage disposal, 133
miniaturization, bridging agents, 134
nuclear energy for saline conversion, 134
plastic structures for water purification, 134
ultrasonic devices for cleaning dishes, 134
ultrasonic devices for water, waste, and air pollu-
tion problems, 133
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in geology and light, 132
in industry, 151
on lasers, 132
on life processes, 131
on matter, 132
on radiation, 132
on sterilization by radiation, 132
on viruses, 131
Research and development
analysis of U.S., 51
differentiation from basic research, 65
effect of sudden cancellation, 197
expenditures
and analysis, 60, 86
attraction of, 188
total, 45, 201
total, U.S. and Europe, 86
getting ideas into development, 167
government
industry involvement in, 75
United States, 67
utilization affected by, 183
on waste disposal, 137
impact on future economy, 123
influence on culture, 182
results improved by administration, 116
statistics
aircraft, 60, 61, 62
electrical, 60, 61, 62
government, 60, 61, 62
industrial, 60, 01, 62
petroleum, 62
of suppliers basic to national industry, 103,104
and taxes, 11'5
Research institutes, role in technology transfer, 78
Resources
future, Oakland study group, 87, 141,142
national space effort as, 7
power, 110
strain on by space program, 47
technical, utilization in U.S., 83
Riesman, David, 177
Rivers, mathematical models of polluted, 140







see also Centaur, Atlas, Thor, Saturn
Rosing, Boris, 115
Rothwell, C. Easton, chairman, orientation sessions;
chairman, Summary Seminar G ; 28, 45
Rubel, John I:I., 201
Rudolph, Paul, 179
Russia, see Soviet Union
Ryan, Robert H., discussion, 64, 123, 169





San Diego County, 193
San Francisco, 29, 121, 135, 198, 215
peninsula, 198
San Joaquin, 139
San Mateo County, 198




see also Telstar, Relay, Echo, Syncom
Satellites, earth, number of, 11
see also Vanguard, Explorers, Pioneer, Lunik, Ariel,
Alouette
Satellites, manned, see Mercury, Gemini, Apollo




OSO, 12, 32, 38, 39
POGO, 13
Satellites, Russian, 12
see also Lunik, Sputnik
Satellites, weather, 6, 22
see also Tiros, Nimbus
Saturn, 6, 21
Schirra, Walter, 13
School of Aviation Medicine, 153
Schools, science curriculums for, 70
Schwartz, Lawrence, quoted, 176
Science
basic, objectives, 30
curriculums for schools, 70
foreign, role in technology transfer, 135
mysticism of, 202
progress, and materials, 111
surpasses average citizen, 96
and technology, age of, 45
Scientific publications, volume of, 75
Scientists
basic integrity of, 48
communication between, 151, 167, 168
control of their work, 48
and creativity, 116
need for reorganization, 171
number alive, 51
poor communicants, 76, 151, 168
resist technological transfer, 76
responsibility of, 164
Russian, not well-rounded, 48
team research, 67
Scientists' Institute for Public Information, 89






as a barrier to information, 212
as a bar to technology dissemination, 77
Semiconductor research, example of technology trans-
fer, 81
Sewage disposal, see Disposal, sewage
Shaw, George Bernard, quoted, 178
Shockley,.William, 81
Sholes, C. L., 115
Silver, S., 218, 219; presentation, 216; discussion, 65,
80; quoted, 9_, 97
Simpson, George L., Jr., 211 ; presentation, 5, 161 ; dis-
cussion, 170 ; quoted 96
Singer, Fred, 136
Slum, demolition of by sound, 2
Smith, G. Dale, presentation. 152 ; discussion, 153
Smog
in California, 69, 187, 188
in Los Angeles, 138
in submarines, 138
see also Air pollution
Smull, T. L. K., 74
Snow, C. P., quoted, 202
Social policy, need for definition, 134
Socioeconomic
goals require definition for utilization of technolo_,
134
impact of technology, 198
life in the community, 150
Solar energy, new sources, 2
Solo, Robert, 214; presentation, 136; discussion, 81, 82,
140, 170
Sorenson, Roy, discussion, 141
Sound waves for demolition, 2
South America, 47
Soviet Union, 5, 46, 64, 67, 74, 90, 115, 157
educational program_ 47
GNP rate of growth, 64
satellites, 12
scientists not well-rounded, 48
Space Act of 1958, 5
quoted in part, 7
dissemination of information, 7
Space-age industries, 3
a golden promise, 217, 218
Space environment, 36, 147
Space fallout, 70


















Echo-type thermal insulators, 73, 74
high-strength ceramics, 73
infrared horizon sensor, 8




stirred gas-arc heater, 8
weld back-up tape, 73
welding techniques, 73
Space, national effort, 6
at edge of state-of-art, 7
for exploration, 11
impact and World War II, 7
number of industries in, 7
as a resource, 7
Space program
dependency on current technology, 7
and engineers, 29
impact on culture, 41, 198
strain on resources, 47
Space research and development shapes economy, 123
Space science, 30
courses for schools, 170
Space stations, manned, 6
Space technology, 1
Special Librarians Association, 82
Spinoff, see Space fallout
Sputnik, 67, 150
Stamford, Connecticut, 188
Standard of living, 84
Stanford University, 74
Honors Cooperative Program, 166
Stars, exploration of, 34
Statistics




research and development, 60, 61, 62
sewage disposal, 130
unemployment, 60
urban operating expenses, 13.5, 136
Steel industry, 7
aided by space research, 8
performance in American economy, 53
Stone, 179
Stover, Carl F., 214; presentation 183 ; discussion, 187
Stress
changing man's resistance to, 151
pilot, in X-15, 155
Submarine, 154
smog in, 138
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approaches to urban problems, 223
and nuclear power, 111




to promote technology utilization, 134
and urban problems, 221
Systems, life support, 146
Systems technology, 105
Teaching machines, 70, 120
Technical resources, utilization in the U.S., 83
Technicians, need for, 206
Technology, see also Science
awareness of changing, 95
codes limit acceptance of new, 85, 121
current, dependence of space program, 7
effect on community, 150
evolution of, 68
impact on economics and sociology, 198
influence on esthetics, 178, 213
lags in utilization of, 64
jet engine, 77, 84
leads to urban changes, 141
new revolution, 177
overselling, 136
profit as a result of, 105
related to man's mobility, 95
related to needs, 117
and science, age of, 45
space, and the city, 1
systems, 105
utilization of by users, 165
Technology, dissemination of
creativity and, 77
by NASA and AEC, 76
patent policies as obstacles, 77
role of tax and patent system, 87
security as a bar, 77
Space Act requirement, 7
U.S. funds for, 86
by universities, 87, 97
Technology information
government as source of, 76
limited by some cedes, 85
must increase utilization of foreign, 85
need to increase ability to use, 85
retrieval, 116, 120
Technology transfer
engineering solves'problems of, 85, 86
is evolutionary, 77, 103
existing government agencies for, 142, 223
NASA activities, 79
see also NASA
needs urban organization of men and money, 137,
141
not an urban problem, 172
sabbatical leave for, 79
semiconductor research as example, 81
stimulation of and programs for, 78
studies 74
Technology transfer, barriers to, 75
resisted by building codes, 76
resistance by scientists, 76
Technology transfer, role of
consumer demands, 85
educational program, 79





affected by national policy, 103
by cities only when problems are identified, 136, 137,
138
impossible by urban government, 137
by industry, pilot model, 222
influence of agriculture program, 224
lags in, 64, 77, 84, 114
by managed research, 74
maximum in United States, 103
NASA programs for, 141
planned mechanisms for, 212
promoted by systems engineering, 134
requires definition of socioeconomic goals, 134
by users, 165
Telemetry in cities, 2
Teller, Edward, 49
Telstar, 2
see also Satellites, communications
Texas Instruments, Inc., 78




see also Satellites, weather
Townshend-Zellner, Norman, 182
Transistor, development as example of technology
transfer, 81, 107
Transit, navigation satellite, 22
Transportation
affects municipal adminLstrations, 176
affeots urban form, 124
consumer expenditures, 123
ground effect machines, 121
monorail, 180, 186
no radical change in future, 124
problems alleviated by communications industry, 125
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affected by education, 84






trend in duration of, 60
UNESCO, 46






funds for technology dissemination, 86
Naval School of Aviation Medicine, 148
Peace Corps, 47
Public Health Service, 130, 171
research and development, 51, 60, 61, 62, 67, 75, 83,137
R&D budget, 74
technology utilization maximum in, 103
Weather Bureau, 136
University
interdisciplinary training in, 152
nonpolitical government funding, 81
protection of role of, 97
role in industrial research, 157
role in information, 213
role in NASA Industrial Applications Program, 80
role in urban life, 162, 216
teaching or application of technology ?, 80
technology dissemination, 87, 97, 166
University of California, Berkeley, 8, 9, 80, 87, 89, 93,
96
University of California, Los Angeles, 112, 198
University of Maryland, 149
University of Michigan, 152
University of North Carolina, 163
Institute of Government, 163
University of Pittsburgh, 169
Urban
changes because of technology, 141
communities must band, 170
development, artist in, 134, 215
growth, ultimate limitations, 175, 176
life, role of university, 162, 216
operating expenses, statistics, 135, 136
operations, 69
organization for technology transfer, 137, 141
253
Urban problems, solution
by computers, 120, 139, 140, 221
in engineering, by computers, 140
not by computers, 140
not by NASA, 137
not by science, 175
with pilot city,214, 224
by science, 97
Utopian thought required for advanced urban plan-
ning, 134
urban models, 187
Van Allen, James, 97
radiation belts, 31
Van Der Ryn, Sire,187
Vanguard, 31
Varian Brothers, 77, 79, 169
Venus, exploration of, 11, 21
lifeon, 36
Urban--Continued
planning, Utopian thought needed, 134
scientific advisory committees, 168
sprawl, 187




affected by future technology, 176
cost of air pollution, 130
effects of air pollution, 176
technology utilization impossible by, 136, 137
Urban problems
caused by shifts from rural life, 95
by technology, 183, 216
crime, adult, 94, 182, 186
downtown blight, 94
eased by city cooperation, 141
educational needs, 95, 182, 186
end of with transportation, 122
finance, 203
of government, in large future cities. 140
health, 70
high ..... "':-"_- _ 4_
identification of, need for, 134, 136, 137, 138
Juvenile delinquency, 94, 182, 186, 217
lack of study programs, 137
mental illness, 94





related to space problems, 106
snow removal, 137
and systems engineering, 216, 223
technology transfer eased by existing government
agencies, 142
transportation, 69, 94, 180
water, 69
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Vernon, Richard, quoted, 176
Vesper, Howard G,, 67
Vibration, 147
Von Braun, Wernher, 97
Von Karnmn, Theodore, 48
Voyager, 41
Washington, D.C., 2, 89
Washington University, 182
Waste disposal, see Disposal, waste
Waste, elimination of, 142
Water, 129
consumption in United States, 129
effect on municipal administration, 176
pollution, 187
analytical instruments for, 138
mathematical models for rivers, 139
saline, conversion, geological heat for, 132
supplies, investment in, 129
treatment methods, 130
Wayne State University, 178
Weather satellites, 6, 22
see also Nimbus, Tiros
Webb, James E., 176, 223 ; presentation, 93 ; discussion,
79; quoted, 3
Weber, Max, quoted, 176
Weightlessness, behavior of bone in, 155
see Gravity, zero
Welfare, cost to Oakland, 1
Western Electric, 81
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Westinghouse Electric Corp., 81
participation in NASA Industrial Applications Pro-
gram, 8
West Virginia, aerospace industry in, 198
Whinnery, John R., chairman, Seminar D
Wiesner, Jerome, 218 ; presentation, 67
Wik, R. M., discussion, 170
Williams, S. B., 106
Wilson, Woodrow, quoted, 94, 96
Winnick, Louis, 157, 204, 219; presentation, 121, 219;
discussion, 124, 125
Wittich, G., 63
Wolf, K. W., 203, 214, 215, 222; presentation, 129; dis-
cussion, 140, 221
Wood, Robert C., 219; presentation 217; discussion,
140; quoted, 176
World War II 7, 47, 67, 77, 115, 153, 193, 194, 213, 219,
220
Wright, Orville, 194
Wyatt, D. D., presentation, 11




Zero gravity, see Gravity, zero
Zwick, C. J., presentation, 123; discussion, 124
Zworykin, Vladimir, 115
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